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results  of  this  research  as  it  applies  to  a  possible  new  and  improved 
figure  of  merit,  impacted  manufacturing  value  acced  (IMVA). 


"fttf  IMVA  is  defined,  mathematical  functions  for  IMVA  are  developed  for 
key  industries  in  the  USSR,  a  detailed  example  is  presented  and  approaches 
are  described  for  possible  implementation.  IMVA  offers  a  number  of  poten¬ 


tial  advantages  over  current  figures  of  merit,  k  j 


PREFACE 


(This  Preface  is  Unclassified) 

This  report  summarizes  the  results  of  research  to 
develop  alternative  figures  of  merit  for  targeting  industrial 
installation.  All  work  was  performed  under  the  technical 
direction  of  Major  Dave  Williamson  and  Lt.  Col.  Dave  Thomas 
of  the  Defense  Nuclear  Agency. 
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SECTION  1 


(D)  INTRODUCTION  AND  SUMMARY 


(U)  Research  vas  undertaken  to  determine  if  an  improved 

economic  figure  of  merit  could  be  developed  for  STOP  applica¬ 
tions.  Research  tasks  included:  (1)  review  of  econonic  fig¬ 
ures  of  merit  used  in  the  SIOP  process  and  in  strategic  weapon 
analyses,  (2)  identification  of  advantages  and  disadvantages  of 
the  various  current  figures  of  merit,  (3)  postulation  of  alter¬ 
native  new  figures  of  merit,  and  (4)  selection  and  detailed 
evaluation  of  the  more  promising  new  figures  of  merit.  The 
purpose  of  this  repcrt  is  to  describe  the  results  of  this 
research  as  it  applies  to  a  possible  new  and  improved  figure 
of  merit,  impacted  nanufacturing  value  added  (IMVA) .  A  method¬ 
ology  for  the  development  and  eventual  implementation  of  IMVA 
is  suggested  for  SIOP  applications. 
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(U)  The  methodology  considers  the  Soviet  Union  economic 

target  development  problem  in  two  parts.  The  first  part  deals 
with  how  deep  the  Soviet  economy  can  be  driven  and  the  second 
part  with  the  length  of  the  recovery  period.  In  the  first 
part,  peacetime  conditions  and  priorities  are  relevant, 
at  lea^  in  the  immediate  post  attack  period,  and  measures  such 
as  MV A  and  IMVA  are  expected  t)  be  useful  in  assigning  priority 
to  classes  of  economic  targets.  In  the  second  part,  because  cf 
changing  post  attack  priorities  and  a  wide  variety  of  possible 
post  attack  resource  all-  cations,  peacetime  measures  such  as 
MV A  are  not  as  relevant  and  another  criteria  which  more  directly 
measures  post  attack  recovery  time  would  seem  appropriate. 

((J)  Specific  interactions  between  industrial  classes  are 

very  important  in  both  parts  of  the  problem  as  identified  above 
and  must  be  taken  into  account.  For  example,  the  fact  that 
the  removal  of  electric  power  would  have  an  ’mmediate  effect  on 
heavy  electricity  users  such  as  machinery  and  equipment  industries 
should  be  taken  into  account.  IMVA  accounts  for  such  interactions 
in  a  direct  fashion  since  IMVA  is  defined  for  some  primary 
industry  I  as: 


IMVA 


/Destroyed)  .  (e alted\ 

1  '  \  A  \  UVA 


(1-1) 


where  the  halted  MVA  is  associated  with  industries  dependent  on 
industry  I.  In  other  words,  IMVA  is  the  MVA  destroyed  directly 
by  the  attack  plus  the  UVA  from  other  industrial  classes  which 
cannot  operate  or  which  operate  at  reduced  efficiency  due  to  the 
need  for  products  that  were  destroyed  directly.  IMVA  and  MVA 
are  recommended  as  measures  of  value  for  depth  of  attack  since 
they  indicate  the  degree  to  which  an  industrial  class  contributes 
to  the  gross  value  of  output.  These  measures  can  be  used  to 
evaluate  target  classes  which  are  most  important  to  the  economy 


1  ■  "l"'  l»"^TOWPPIPiil 


'wuiinuiuiini  ui> 


based  on  peacetime  or  immediate  post-attack  conditions. 
Promising  candidates  for  primary  classes  are  selected  and 
analyzed  to  determine  which  have  the  largest  impact  on  the 
economy.  Those  with  the  largest  impact  are  designated  as 
primary  classes. 


(U)  A  possible  implementation  approach  fcr  IMVA  would  be 

the  following  three-step  process: 


U) 


U’) 


(l) 


St t p  1.  Determine  MV A  for  dependent  and  other 
industry  classes  and  IMVA  fcr  primary 
industry  classes  based  upon  economic 
intelligence  data. 


Step  2.  Calculate  the  MVA  and  IMVA  for  specific 

installations  by  partitioning  the  industry 
values  according  to  installation  capacity 
data.  Approximate  attack  sice  specifi¬ 
cation  is  input  for  this  step. 

Step  3.  Utilize  overall  objectives  for  industrial 
targeting  (e.g.,  desired  overall  IMVA 
reduction  or  per  weapon  IMVA  reduction  o 
combined  IMVA  and  MVA  reduction)  for  DG 
dev<»\cp...w„t  and  weapon  allocation.  This 
requires  careful  accounting  so  that 
destroyed  MVA  for  dependent  or  non-primary 
industries  does  not  get  courted  as  halted 
MVA  for  the  primary  industries. 


(U)  The  procedure  employed  determines  damage  level  objec¬ 

tives  on  primary  class  facilities  which  will  provide  a  maximum 
IMVA  by  counting  capacity  which  is  directly  destroyed  and  cap¬ 
acity  which  is  halted.  No  credit  is  taken  for  bonus  damage  ir. 
the  process  on  other  facilities  nearby  and  not  part  of  the 
primary  or  dependent  classes.  Having  defined  the  damage  objec¬ 
tives,  an  attack  can  be  carried  out  to  achieve  these  damage 
objectives.  Associated  bonus  damage  for  this  attack  can  be 
calculated  and  added  to  the  damage  to  dependent  and  primary 
class  facilities.  The  physical  damage  to  dependent  class 

9 


I  \ 


V,Vr>* 


hi  n 


facilities  should  r.ct  be  counted  as  it  is  already  incorccrated 
in  IMVA.  This  is  important  in  order  to  avoid  double  counting 
damaged  facilities. 

(L’)  The  above  process  couples  attack  size  to  the  economic 

value  of  primary  installations  such  as  electric  power,  steel, 
natural  cas  and  cil.  This  occurs  because  of  tr.e  direct  consid¬ 
eration  of  industries  halted  when  a  particular  primary  industry 
is  neavily  damaged.  For  example,  an  electric  power  plant  would 
have  one  value  if  it  were  the  only  plant  destroyed  in  a  small 
attack.  However,  if  the  electric  power  industry  were  heavily 
damaged  in  a  larger  attack,  the  overall  economic  impact  would 
be  far  greater  than  simply  the  addition  of  individual  plant 
values  which  were  not  accounting  for  halted  industries. 

(U)  The  above  application  of  IMVA  and  MYA  emphasizes 

immediate  post-attack  aspects  of  economic  disruption  and  cces 
not  account  explicitly  for  the  recovery  period.  Although 
attacks  directed  against  high  IMVA  and  MVA  targets  obviously 
have  a  strong  impact  on  recovery  because  of  the  basic  import¬ 
ance  of  the  primary  industries  le.g.,  power  plants)  and  the 
large  capital  investments  generally  associated  with  these 
industries,  a  second  prioritized  list  of  targets  also  is  rec¬ 
ommended.  This  list  would  consist  of  targets  where  their 
relative  ranking  would  reflect  the  degree  to  which  they  de¬ 
layed  the  economic  recovery  process.  For  example,  if  electric 
power  generating  facilities  were  important  on  the  first  priori¬ 
tized  list,  manufacturing  facilities  for  transformers,  turbines, 
and  generators  would  be  important  targets  on  the  second  priori¬ 
tized  target  list.  In  addition,  this  list  could  include  capital 
intensive  industries  which,  if  destroyed  and  rebuilt,  would 
absorb  post-attack  resources  which  otherwise  could  be  directed 
toward  more  rapid  recovery  of  primary  industries. 

(U)  In  the  remainder  of  this  report,  IMVA  will  be  addressed 

as  it  relates  to  the  first  prioritized  list  discussed  above. 


! 


Electric  power  and  other  energy  related  classes  will  be  used 
to  explain  XMVA  and  to  show  how  it  car.  be  derived  and  used  in 
the  targeting  process. 

(U)  The  methodology  is  to  some  extent  iterative  and  in 

part  involves  a  process  of  industry  dependency  definitions 
which  is  complicated  and  lengthy.  Since  the  dependency  process 
has  orly  been  started,  preliminary  estimates  of  specific  depend¬ 
ent  values  will  be  used  to  demonstrate  the  methodology  by  wav  of 
an  example.  It  is  expected  thst  the  absolute  values  can  be  up¬ 
dated  as  the  process  continues. 

(U)  Section  2  provides  background  information  regarding 

the  current  figure  of  merit,  PRWV,  current  guidance,  and  the 
overall  economic  recovery  problem.  Section  3  discusses  the 
methodology  used  in  selecting  primary  and  dependent  industrial 
classes  ar.d  the  procedure  for  estimating  IMVA.  Section  4  pro¬ 
vides  a  specific  example  of  the  methodology  including  the 
definition  of  economic  classes,  the  determination  of  IMVA,  and 
the  percent  of  the  total  Soviet  economic  value  which  is  effected 
Other  aspects  and  possible  implementation  approaches  are  briefly 
discussed  in  Section  6.  Finally,  capacity  functions  for  several 
targetable  classes  and  the  impact  of  loss  of  electric  power  are 
discussed  with  other  items  in  a  series  of  appendices. 
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(U)  Table  2-1.  MV  A  def in  it  ion . ( 1  * 

UNCLASSIFIED 
MV A  COMPONENTS 

"Mages  and  Salaries.  Monetary  wages  and  salaries  paid  to  all 
state  employees,  including  money  payments,  such  as  certain 
bonuses  and  premia  that  are  not  included  in  the  Soviet  sta¬ 
tistical  category  "wages." 

Labor  Income  of  Kolkhoz  Members.  Money  income  and  income-in- 
kind  priced  at  average  delivery  prices. 

Other  Labor  Income.  Miscellaneous  income,  such  as  free  clothing 
issued  to  workers,  student  scholarships  paid  by  enterprises, 
travel  expenses,  etc. 

Social  Security  Payments. 

Profits  of  State  Enterprises.  Profits  and  losses  (which  would 
be  entered  with  a  minus  sign,  thus  indicating  a  state  subsidy). 
Presumably  the  profit  shown  must  be  related  to  the  cam  pro¬ 
ductive  activities  of  the  enterprises. 

Turnover  Tax.  This  is  shown  in  the  column  of  the  enterprise 
or  industry  manufacturing  the  taxed  commodity,  regardless  of 
whether  the  tax  is  collected  at  the  enterprise  or  at  the  retail 
trade  level. 

Ot her  Sr- 1 c  uudget  Collections  (Positive  Entry)  or  Subsidies 
(Negative). 

Other  elements  of  Net  Product. 

a.  Interest  on  short-term  loans; 

b.  Penalties  and  court  fines; 

c.  Costs  of  personnel  training; 

d.  I'se  of  nonproductive  services  (passenger  transportation!; 

e.  Savings  effected  in  administration-management  expenses  and 

payable  into  the  state  budget. 


Xet  Income  of  Kolkhozes  and  Cooperatives. 


(IT)  Table  2-2.  Capital  def init ion^ 1 ^ . 

UNCLASSIFIED 

CAPITAL 

"The  ca-ital  matrix  shows  the  stock  of  fixed  capital  (valued  in 
constant  1955  prices)  employed  in  the  productive  sectors  as  an 
average  for  the  year.  In  this  case,  however,  the  original  table 
has  only  105  productive  sectors  (95  in  industry)  instead  of  the 
110  in  the  other  tables.  The  capital  assets  are  broken  down 
into  30  types,  of  which  25  represent  machinery  and  equipment. 

Also  included  is  a  vector  of  fixed  capital  in  the  nonproductive 
sphere.  The  data  in  this  matrix  are  also  adjusted  for  commodity- 
establishment  differences." 

"An  aggregated  version  of  the  capital  matrix  was  published  in  one 
of  the  statistical  yearbooks  and  a  fairly  complete  description  of 
the  original  format  is  available.  The  original  matrix  shows  the 
value  of  the  stock  of  fixed  capital  assets  broken  down  into  30 
different  types  as  utilized  by  105  productive  sectors  and  the 
prices,  averaged  for  the  year,  and  at  book  value  (balansovaia 
stoiaaost  *  ) .  i.e.  ,  without  taking  into  account  deprecJation  or 
attrition.  Apparently,  the  definition  of  fixed  capital  assets 
used  in  the  input-output  matrix  follows  the  standard  Soviet 
statistical  practice  of  excluding  those  assets  that  have  a  useful 
life  of  less  than  one  year  or  are  valued  at  less  than  50  rubles." 
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(U)  2-2  RESEARCH  OBJECTIVES  AND  CONSTRAINTS 


(U)  From  the  onset  it  was  recognized  that  the  overall  pest 

attack  economic  recovery  problem  is  very  complex  and  uncertain. 

The  requirements  for  post  attack  economic  recovery,  depicted  in 
Figure  2-1,  range  from  leadership  for  organization,  control  and 
direction  of  recover--,  to  military  forces  for  national  security, 
for  population  control,  or  coercion  of  economic  resources  from 
neighboring  countries  or  for  actual  occupation;  to  the  labor  force 
particularly  skilled  labor;  to  agriculture  to  feed  the  labor 
force  to  actual  industries  and  national  resources.  Transpor¬ 
tation  and  distribution  systems  also  will  play  strong  roles 
particularly  because  attacks  are  not  envisioned  to  be  uniform 
geographically  and  resources  available  for  recovery  are  not 
uniformly  distributed.  Cocxnun icat ion  systems  and  the  basic 
availability  of  technology  axe  other  factors.  In  addition,  the 
existing  inventories  and  the  possibilities  of  product  substitution 
or  labor  capital  substitution  are  otner  key  considerations.  When 
considering  prolonging  postwar  recovery  or  achieving  a  decisive 
reduction  of  power  and  influence,  all  of  these  requirements  must 
be  considered.  However,  the  current  research  was  scoped  only  to 
the  consideration  of  industrial  installations  and  to  attempt  to 
develop  an  improved  figure  of  merit  for  such  installations  as  com¬ 
pared  to  PRWV. 


(U)  The  review  of  other  figures  of  merit  besides  PRWV 

included  net  present  worth,  MVA  -lone,  K  alone,  GVO,  physical 
output  units,  floor  space,  industrial  concentration  circles  and 
several  others.  In  each  case  no  compelling  improvement  over 
PRWV  could  be  identified  when  considering  current  guidance 
objectives  and  the  SIOP  development  process.  Therefore,  an 
attempt  was  made  to  develop  a  new  figure  of  merit.  In  so  doing, 
however,  and  as  a  result  of  an  understanding  of  the  intelligence 
data  potentially  available  and  the  current  procedures  in  employ¬ 
ment  planning ,  the  following  objectives  were  established: 

(U)  1.  The  figure  of  merit  must  be  a  measure  of  economic 

value  at  the  installation  level  to  support  economic  target 
development.  Weapons  are  applied  to  specific  targets  (i.e.  one 
or  more  installations)  in  the  SIOP  and  therefore  the  figure  of 
merit  must  be  useful  to  measure  the  value  of  one  installation  as 
compared  to  another. 

(U)  2.  The  figure  of  merit  must  address  the  functional 

importance  of  industries,  particularly  critical  industries.  It 
also  must  be  a  common  measure  applicable  to  both  critical  and 
non-critical  industries  in  a  consistent  manner.  This  char¬ 
acteristic  is  critical  to  eliminate  the  current  problems  of 
treating  critical  industries  separately  and  having  only  one 
quantitative  meaure,  PRWV,  which  basically  is  for  gross  capital 
destruct ion . 

(U)  3.  The  figure  of  merit  must  lead  to  reasonable  require¬ 

ments  on  the  intelligence  data  base.  A  significant  and  long 
effort  bas  lead  to  the  current  Target  Data  Inventory  and  support¬ 
ing  analyses  and  documentation.  Any  new  figure  of  merit  proposed 
must  offer  not  only  a  real  and  meaningful  improvement  but  also  at 
the  same  time  it  must  not  lead  to  unrealistic  requirements  on 
intelligence  data  collection  and  processing  either  in  terms  of 
the  magnitude  or  duration  of  such  efforts.  This  basic  constraint 


is  expected  to  have  a  strong  impact  on  the  feasibility  of 
practical  application  of  any  new  economic  figure  of  merit 
for  the  SIOP  process. 

(U)  4.  The  figure  of  merit  must  be  practical  in  terms 

of  eventual  implementation  in  the  SIOP  developoent  process  used 
by  the  Joint  Strategic  Target  Planning  Staff  (JSTPS).  The  SIOP 
process  has  developed  over  the  years  since  the  National  Strategic 
Targeting  and  Attack  Policy  (NSTAP)  was  first  promulgated  in  1960 
at  the  same  time  that  Secretary  of  Defense  Gates  directed  the 
establishment  of  the  JSTPS.  Over  recent  years  and  at  significant 
expense,  the  SIOP  process  has  incorporated  significant  use  of 
automated  data  processing  hardware  and  software.  Computer  pro¬ 
grams  have  been  developed  for  various  phases  of  this  process 
such  as  installation  selection,  aimpoint  development,  allocation, 
application,  timing  and  resolution  as  well  as  SIOP  evaluation. 

Any  new  figure  of  merit  must  offer  not  only  a  real  and  meaningful 
improvement  over  current  measures  but  also  must  offer  the 
potential  for  imDl*>r;..vaCion  in  the  SIOP  process  without  undue 
inD»ct  on  the  process  in  terms  of  the  scope  of  the  changes  required 
or  the  time  to  complete  the  changes.  This  constraint  also  has  a 
strong  impact  on  the  feasibility  of  practical  application  of  any 
new  economic  figure  of  merit  for  the  SIOP  process. 

(U)  After  consideration  of  the  above  objectives  and 

after  review  of  the  advantages  and  disadvantages  of  current 
economic  figures  of  merit,  it  was  concluded!  that  a  real  and 
meaningful  improvement  over  current  measures  could  be  obtained 
if  a  new  figure  of  merit  could  be  developed  which  accounted  for 
the  functional  importance  of  installations  and  industry  classes 
but  also  met  the  other  objectives  above.  Th's  became  the  point 
of  emphasis  for  this  research. 


SECTION  3 


(  L' )  IMPACTED  VI  AN  L  F ACTU RING  VALUE  ADDED  METHODOLOGY 
(U>  3-1  INTRODUCTION 

(U)  The  I  VIVA  methodology  depends  upon  the  determination 

of  economic  sectors  absolutely  critical  to  the  Soviet  economy 
as  defined  below  ar.d  other  sectors  dependent  upon  these  critical 
sectors.  This  determination  provides  the  basis  for  incorporating 
considerations  of  industry  and  eventually  installation  functional 
importance.  Various  economic  sectors  are  defined  in  this  section. 
In  addition,  an  overview  is  presented  of  economic  intelligence 
data  avialable  for  these  sectors. 

(U)  Once  sectors  are  defined,  a  quantitative  approach  is 

required  for  IMVA  in  order  to  be  able  to  calculate  the  halted 
industry  MV A  attributable  to  various  levels  of  destruction  of 
each  pi imary  industry.  An  approximate  technique  has  been 
developed  and  is  presented  and  compared  with  the  PRVTV  approach. 

(U)  3-2  ECONOMIC  SF^TCr.3 

( U '  The  I  VIVA  taethodologv  developed  involves  dividing 

economic  sectors  of  the  Soviet  Union  into  the  following  general 
classes : 

Primary:  A  critical  set  of  industrial  classes 

which  will  be  directly  targeted  (e.g., 
oil,  electric  power,  etc.). 

Dependent:  A  set  of  industrial  classes  which 

clearly  require  goods  and  services 
from  the  primary  set  (e.g.,  transpor¬ 
tation,  machinery  and  equipment,  etc.) 

Bonus:  A  set  of  industrial  classes  which  are 

essentially  correlated  with  industrial 
1 loor  space  and  may  be  destroyed  or  dam¬ 
aged  when  the  primary  targets  are  attack¬ 
ed  (e.g.,  repair  of  machinery  and 
equipment ,  etc . ) 


Isolated:  A  non-targetable  set  which  is  not 

correlated  with  industrial  floor 
space  (e.g.,  livestock). 

Criticality  for  the  primary  classes  is  based  upon.  (1)  having  a 
large  number  of  expected  interactions  with  other  classes,  .'2) 
being  important  to  a  large  part  of  the  total  economic  value,  and 
(3)  having  a  reasonably  small  number  of  locations  and  being 
feasible  to  damage  for  targeting  purposes.  The  interactions  with 
other  classes  and  the  economic  importances  of  critical  classes 
car.  be  determined  from  Soviet  Union  input-output  tables. 
Functional  interactions  also  can  be  established  by  a  knowledge 
of  the  use  of  various  outputs  or  products  from  critical  classes. 
The  Target  Data  Inventory  can  be  used  to  examine  if  the  number  of 
installations  is  small  enough  to  be  considered  in  targeting 
Physical  vulnerabilities  also  affect  the  feasibility  of  targeting 
critical  class  installations. 

(1)  3-3  AVAILABLE  DATA  FOR  ECONOMIC  SECTORS 

< U )  Considerable  effort  has  gone  into  input-output  table 

definitions  for  the  Soviet  Union.  These  definitions  are  useful 
in  identifying  important  economic  classes  and  will  be  used  as 
one  basis  for  analyzing  the  Soviet  economic  classes.  The  most 
detailed  definition  which  exists  is  based  on  the  Soviet  economy 
in  1966  and  involves  110  industrial  sectors.1  These  are  listed 
in  Table  3-1.  Data  exist  for  1966  on  gross  value  of  output, 
labor  input,  average  annual  employment,  capital  stock  and  depre¬ 
ciation  for  most  of  these  110  industrial  sectors.  Also,  inter¬ 
industry  transaction  data  are  available  in  purchaser  prices. 

Most  recent  data  on  inter- indust ry  purchases  for  1972  are  given 
in  Reference  2;  however,  these  are  for  only  56  sectors.  They 
can  be  directly  compared  to  the  same  56  sectors  for  1966  which 
are  given  in  the  same  document.  Finally,  an  even  more  detailed 
breakout  of  specific  industrial  facilities  is  contained  in  the 
definition  for  the  110  sectors  and  these  are  also  given  in 
Reference  1. 


IU)  The  above  type  of  economic  intelligence  data  is 

essentially  macroscopic.  Sectors  are  used  and  they  may  or  may 
not  relate  to  individual  industries.  In  fact,  in  some  cases 
they  relate  to  many  industries.  Mapping  this  type  of  data  down 
to  the  installation  level  must  be  done  in  some  approximate 
fashion  to  yield  useful  economic  data  by  installation. 


(U)  Examples  of  functional  dependencies  derived  from  the 

above  sources  are  given  below;  these  and  others  are  discussed  in 

more  detail  in  Section  4  and  Appendix  E: 

(U)  •  Jet  engine  production  requires  high  alloy  steel 

(U)  •  Transformer  production  requires  specialized 

rolled  steel  products 

(U)  •  5  KW-HR  are  required  typically  to  produce 

one  bbl  of  oil 

(U)  •  Primary  rolling  mills  generally  require  more 

than  20  MW  of  input  power 

(U)  3-4  IMPACTED  MANUFACTURING  VALUF  ADDED  (IMVA) 

(U)  IMVA  for  industry  I  is  the  destroyed  MVA  for  industry 

I  plus  the  MVA  of  other  industries  dependent  upon  industry  I. 

Dependent  MVA  simply  means  that  if  the  required  input  goods  and 


services  are  not  available,  the  output  goods  and  services  will 
not  be  produced  and  thus  the  destruction  of  primary  MVA  will 
also  halt  the  goods  and  services  from  dependent  facilities. 

(U)  Some  consideration  was  given  to  the  concept  of  impacted 

capital  (e.g.  destroyed  plus  dependent  capital).  However,  if 
capital  were  used,  what  would  be  the  meaning  of  dependent  capital? 
Capital  as  provided  in  the  input-output  table  and  defined  in 
Table  2-2  is  book  value  and  does  not  account  for  depreciation 
so  that  it  is  not  necessarily  related  to  replacement  value.  Capital 
is  made  up  of  such  items  as  buildings,  machinery,  equipment  and 
inventory  material.  Some  of  these  would  deteriorate  as  time  passed 
and  others  could  be  maintained  at  some  state  of  value.  At  any  rate, 
the  removal  of  input  goods  and  services  would  not  immediately  affect 
the  amount  of  capital  in  the  dependent  industries.  After  a  penoa 
of  time  some  reduction  of  capital  value  should  occur,  but  this 
reduction  would  be  difficult  to  predict.  Capital  as  it  relates 
to  replacement  value  might  be  a  good  measure  for  industries  which 
are  attacked  directly  (i.e.,  primary  classes);  however,  there 
appear  to  be  better  measures  of  the  ability  of  dependent  classes 
of  an  industry  to  contribute  to  the  gross  output  of  the  economy. 

(U)  3-5  IMVA  LIMIT  FUNCTIONS 

(U)  In  order  to  use  impacted  MVA  for  quantitative  analysis, 

the  relationship  between  primary  and  dependent  MVA  must  be  defined. 
Impacted  MVA  can  be  defined  as  the  sum  of  the  self  MVA  which  is 
directly  destroyed  and  the  dependent  MVA.  The  self  1TVA  directly 
destroyed  is  readily  defined  as  the  product  of  the  expected  damage 
to  capital  and  the  undamaged  total  self  MVA.  Dependent  damage  is 
more  difficult  to  define  since  it  depends  on  post  attack  priorities, 
limiting  processes  and  physical  phenomenon;  however,  a  limit  function 
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can  be  derived.  If  one  assumes  that  in  the  post  attack  period 
all  of  the  surviving  products  of  a  primary  class  (e.g.  residual 
resources)  are  allocated  to  its  dependent  classes  and  that 
within  the  dependent  classes,  preattack  priorities  are  maintained 
in  the  post  attack  case,  it  is  possible  to  calculate  the  impacted 
MVA  of  industry  I  as  a  function  of  the  expected  damage  to  the 
primary  class  as  follows: 

RESIDUAL  ! 

RESOURCES  [DEPENDENT]  .. 

DEPENDED !"  MVA 

PREATTACK  L 
UTILIZATION. 

In  equation  form  this  becomes: 

DMVAj  0  ll-DEj  <Bj  (3-2) 

=  DEjMVAj  1  -  DEj  >Bj 

IMVAj  =  Impacted  MVA  for  the  Ith  industry  class 

DEj  *  Capacity  damage  expectancy  for  industry  I 

MVA j  =  Total  MVA  of  industry  I  (total  self  MVA) 

DMVAj  =  Total  MVA  of  industry  dependent  upon  industry  I 

Bj  =  Preattack  fraction  of  industry  I  class  capacity 
used  by  dependent  industry  classes 

(U)  The  IMVA  which  results  from  the  use  of  Eq.  (3-2)  has 

the  general  characteristic  shown  in  Figure  3-1.  As  the  expected 
damage  increases  there  will  be  a  gradual  buildup  of  value  based 
only  upon  the  self-MVA  directly  destroyed  until  point  Bj  is  reached. 

From  that  point,  there  will  be  a  rapid  increase  in  value  as  the 

dependent  effect  (e.g.  halted  MVA)  accumulates  until  weapon 
inefficiencies  and/or  small  remaining  installations  cause  the 


IMVAj  =  DEjMVA 


/  ( 1-DE  r ) 


CAPACITY 

DAMAGE 

EXPECTANCY 


INDUSTRY  I 
MVA 


function  to  bend  downward.  For  these  kinds  of  functions  there 
is  a  value  for  DEj  which  will  maximize  the  return  per  weapon, 
and  there  is  an  incentive  to  drive  the  damage  to  relatively 
deep  values  or  very  high  DLj. 

(D)  The  characteristics  of  IMVA  curves  are  different  than 

PRWV  curves.  A  comparison  of  IMVA  and  WV  is  shown  in  Figure  3-2 
for  the  Soviet  Union  electric  power  industry.  The  IMVA  data  is 
developed  in  more  detail  in  Section  4.  The  WV  data  approximates 
TDI  data  and  the  number  of  .8  weapons  is  used  as  opposed  to  DE 
in  this  comparison.  With  100  such  weapons,  approximately  50%  of 
the  weighted  value  is  achieved  but  only  about  7%  of  the  IMVA. 

With  200  such  weapons,  approximately  60%  of  the  weighted  value 
is  achieved  but  only  about  40%  of  the  IMVA. 


(U)  Figure  3-1.  Characteristic  IMVA  function. 


29 


Page  30  Deleted 


(L)  It  is  evident  that  with  functions  resulting  from  the 

use  of  weighted  value,  maximum  returns  result  from  the  first 
few  increments  in  damage  and  there  is  no  direct  incentive  to 
drive  the  damage  to  very  deep  levels.  However,  with  IUVA  for 
the  primary  industrial  classes,  there  is  a  significant  advantage 
to  achieve  very  heavy  damage  to  these  classes  because  so  much 
is  dependent  upon  their  operation.  For  example,  electric  power 
is  a  primary  industry  in  the  IUVA  methodology.  It  is  intuitively 
obvious  that  the  loss  of  electric  power  generation  in  an  indus¬ 
trial  society  will  have  an  overall  impact  on  the  economy  far  in 
excess  of  the  value  of  the  electric  power  industry  considered  by 
itself.  Calculations  of  IUVA  in  Section  4  leading  to  the  results 
in  Figure  3-2  demonstrate  that  this  is  indeed  the  case.  This  is 
also  the  case  for  other  primary  class  industries;  IUVA  limit 
functions  also  are  developed  for  them  in  Section  4. 

(U)  The  fundamental  point  above  is  that  the  economic  value 

of  a  primary  industry  is  dependent  upon  the  attack  size.  Value 
can  not  be  constant  for  various  primary  installations  in  this 
industry  (e.g.  independent  of  attack  size)  if  the  functional 
importance  of  the  industry  is  to  be  considered.  For  example,  in 
Figure  3-2,  the  IUVA  for  the  electric  power  industry  is  shown  as 
a  function  of  number  of  weapons.  For  small  attacks,  only  the 
self  UVA  directly  destroyed  represent  the  value.  For  larger 
attacks,  the  significance  of  halted  UVA  comes  into  play.  However 
if  an  approximate  attack  size  can  be  determined,  the  IMVA  can  be 
proportioned  across  installations  to  yield  an  appropriate  instal¬ 
lation  value  as  will  be  discussed  more  in  Section  5. 

(D)  Equation  (3-2)  represents  a  limit  function  since  addi¬ 

tional  demands  beyond  the  dependent  class  requirements  will 
usually  exist.  Industries  in  the  bonus  and  isolated  classes  will 
place  demands  on  the  primary  class  as  will  the  military.  The 
analysis  to  this  point  has  not  been  definitive  enough  to  quantify 
such  demands.  Equation  (3-2)  can  also  be  affected  by  the 


allocation  between  the  dependent  classes  since  the  value  of 
DUVAj  would  depend  on  the  dependent  class  priorities;  however, 
it  is  relatively  insensitive  to  such  allocations  especially 
when  high  damage  levels  are  achieved.  This  is  a  direct  result 
of  DMVAj  being  the  sum  of  the  dependent  class  MVA.  For  these 
reasons  most  of  the  uncertainty  involved  in  limit  functions  is 
about  the  value  at  point  Bj  and  the  least  uncertainty  exists  in 
the  region  of  maximum  return  per  weapon. 

(U)  It  should  be  noted  that  Eq.  (3-2)  does  not  include  stock¬ 

piles  or  goods  which  are  in  the  supply  chain.  Because  of  this, 
the  loss  of  goods  from  the  primary  classes  except  for  electric 
power  will  not  be  felt  for  a  period  of  time  which  will  vary 
depending  on  the  amount  stored  and  the  amount  in  the  supply  chain 
and  the  rate  of  utilization  in  the  post  attack  period.  These 
issues  are  not  treated  for  the  following  reasons: 

(U)  •  Data  are  not  available  on  the  amount  of 

stockpiles  or  material  in  the  supply  chain. 

(U)  •  Delays  on  the  of  months  are  expected 

and  tl,c»e  are  short  compared  to  recovery 
periods  which  are  expected  to  be  measured 
in  years. 

An  approach  which  could  be  used  to  include  stockpile  and  supply 
chain  material  given  the  necessary  data  is  discussed  in  Section  5. 

(U)  3-6  APPLICATION  OF  MULTIPLE  WEAPONS  TO  PRIMARY  CLASS 
INSTALLATIONS 

(U)  The  use  of  IMVA  for  primary  class  industries  provides 

a  method  to  account  for  the  greater  importance  of  these  industries 
as  compared  to  dependent  class  industries.  As  mentioned,  IUVA  for 
an  industry  can  be  partitioned  over  the  installations  of  that 
industry  in  proportion  to  capacity  data.  When  an  industrial  class 
has  installations  with  variable  capacities  (i.e.,  electric  power) 
each  weapon  that  is  assigned  should  maximize  the  expected  marginal 
return  in  order  to  achieve  the  highest  IUVA.  In  subsequent 
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sections  IUVA  limit  functions  are  developed  and  examples  are 
presented  for  targeting  using  .8  weapons.  High  capacity  pri¬ 
mary  class  industries  receive  multiple  weapons  because  of  tbeir 
Importance.  It  is  useful  at  this  point  to  provide  the  tables 
used  in  these  types  of  calculations. 

(U)  If  the  smallest  plant  targeted  bas  a  capacity  of  10 

units  and  a  .8  Pj.  weapon  were  used,  the  expected  return  from 
targeting  that  plant  would  be  8  units.  If  the  largest  plant  had 
a  capacity  of  1,000  units,  the  first  weapon  would  achieve  an 
expected  return  of  800  units,  the  second  weapon  an  expected  return 
of  an  additional  160  units,  the  third  weapon  32  additional  units, 
and  the  fourth  weapon  6  additional  units.  Therefore,  one  should 
assign  a  third  weapon  to  the  highest  capacity  plant  before  assign¬ 
ing  one  weapon  to  the  lowest  capacity  plant.  One  could  either 
specify  that  three  weapons  be  assigned  to  the  large  plant  and 
one  to  the  small  plant  or  that  the  large  plant  be  assigned  a 
damage  expectancy  of  .992  and  the  small  plant  a  damage  expectancy 
of  .8.  The  latter  approach  permits  use  of  different  kinds  of 
weapons  and  is  therefore  preferred. 

(C)  Given  the  capacity  of  each  installation,  it  is  pos¬ 

sible  to  determine  threshold  plant  sizes  which  represent  transi¬ 
tions  from  N  weapons  to  N+l  weapons.  The  weapon  assignment 
thresholds  can  be  determined  as  shown  in  Table  3-2  for  weapons 
with  a  single  shot  kill  probability  of  .8. 

(U)  Table  3-2.  Weapon  assignment  thresholds. 


UNCLASSIFIED 


Single 
Weapon 
Kill  Prob. 

Number 
of  Weapons 
Assigned 

Multiple 

Weapon 

Kill  Prob. 

Incremental 

Expected 

Return 

Capacity 

Multiplier 

.8 

1 

.8 

.8 

1 

.8 

2 

.96 

.16 

5 

.8 

3 

.992 

.032 

25 

.8 

4 

.  9984 

.0064 

125 

.8 

5 

.99968 

.00128 

625 

The  key  to  the  use  of  Table  3-2  is  the  capacity  multiplier.  If 
the  range  in  capacity  is  such  that  the  largest  plant  is  625  times 
larger  than  the  smallest  plant  and  all  are  to  be  targeted,  then 
the  largest  plant  receives  five  weapons  while  the  smallest  eceives 
one . 

(U)  If  the  single  weapon  kill  probability  is  cha 

would  be  the  case  for  mixed  weapons,  the  magnitude  of 
city  multiplier  will  change.  For  the  case  of  mixed  weapv. 
damage  levels  should  be  calculated  based  on  the  single  sho: 
damage  probability  for  the  most  effective  weapon  rather  than  .8 
and  then  when  less  effective  weapons  are  used,  the  number 
required  can  be  determined  and  the  process  will  be  essentially 
independent  of  weapon  type.  However,  to  simplify  subsequent 
examples  only  .8  Pg  weapons  will  be  used. 
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SECTION  4 


(U)  AN  IMVA  EXAMPLE 

(  U  )  4-1  I NTRODUCT I ON 

(L)  The  basic  development  and  application  of  IMVA  is 

demonstrated  by  a  four  step  process: 

(U)  1.  Non-overlapping  primary,  dependent,  bonus 

and  isolated  economic  classes  are 
established. 

(Li)  2.  Quantitative  MVA  relationships  are  developed 

between  primary  and  dependent  classes  to 
facilitate  the  development  of  IMVA  for  the 
primary  classes. 

(U)  3.  I MVA  limit  functions  are  established  for 

primary  class  industries  and  are  related 
to  actual  installations  in  the  industries. 

(U)  4.  A  weapon  allocation  procedure  is  developed 

to  demonstrate  th®  application  of  the  IMVA 
limir  f-.i^cions  for  targeting. 

(U;  In  the  following  example,  each  of  the  criteria  sug¬ 

gested  in  Section  3.1  are  considered  and  the  resulting  primary, 
dependent  and  bonus  targets  are  analyzed  to  demonstrate  the  cal¬ 
culations  of  IMVA  and  its  use  in  strategic  targeting. 

(U)  4-2  PRIMARY  CLASSES 

(U)  4-2.1  Highly  Interactive  Primary  Classes 

(U)  In  searching  for  industrial  classes  likely  to  show 

significant  interdependencies,  first  it  wa^>  decided  to  consider 
economic  sectors  most  heavily  dependent  upon  basic  energy.  These 
can  be  readily  determined  by  processing  data  contained  in  Soviet 
input-output  tables.  The  source  of  data  was  the  1972  Soviet 
input-output  table  contained  in  Reference  2.  To  reduce  the  com¬ 
plexity  of  the  process,  all  chemicals  were  combined  into  one 
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sector  (48  through  59  of  Table  3-1)  and  all  machinery  and  equip¬ 
ment  (MSiE)  sectors  were  combined  (15  through  46  of  Table  3-1). 
Figure  4-1  shows  the  resulting  classes  which  use  5%  or  more  of 
oil  output,  of  gas  output,  of  coal  output  or  of  electric  power 
output.  The  MVA  of  each  sector  is  also  shown.  These  sectors 
along  with  export,  self-use  and  consumption  account  for  more 
than  tnree  fourths  of  the  basic  energy  ou^^t  in  the  Soviet  Union 
as  shown  in  Table  4-1. 

(C)  The  MVA  represented  in  Figure  4-’  is  about  170  billion 

rubles  out  of  the  1972  total  of  300  billion  rubles  and  the 
sectors  in  combination  represent  essentially  all  of  the  readily 
targetable  MV A  except  for  that  associated  with  generalized 
industrial  floor  space. 

(U)  4-2.2  High  Dependent  Value  Primary  Classes 

(U)  Two  other  classes,  rolled  steel  and  cement,  also  were 

considered  initially  as  primary  classes  because  of  their  high 
economic  value  dependencies.  Machinery  and  equipment  with  an 
MV  A  of  38  billion  rubies  is  dependent  upon  rolled  steel  (c.f. 
Appendices  B  and  E).  Construction  with  a  MV A  of  34.6  billion 
rubles  is  dependent  upon  cement. 

(U)  As  a  result  of  the  above  process,  the  six  classes  that 

make  up  the  initial  primary  set  are:  gas,  oil,  coal,  electric 
power,  rolled  steel  and  cement.  For  purposes  of  limiting  the  IMVA 
example,  no  other  classes  were  considered  for  the  primary  set. 

(U)  4-2.3  Targeting  Feasibility  of  Primary  Classes 

(U)  Any  primary  class  industry  must  be  feasible  to  target 

by  having  a  small  enough  identifiable  set  of  installations, 
consistent  with  U.S.  weapon  resource  constraints  and  by  being 
vulnerable  to  nuclear  weapons.  From  this  point  of  view,  rolled 
steel  and  oil  are  highly  concer. rated  and  vulnerable  and  therefore 
feasible  to  target.  This  is  discussed  in  more  detail  later  in 
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Section  4  as  well  as  in  Appendices  B  and  E.  Electric  power  has 

3  4 
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been  analyzed  in  some  detail  ’  and  in  1975  it  was  estimated  tbat 
95^  of  the  generating  capacity  was  contained  in  about  500  plants 
(c.f.  Appendix  A).  Electric  power  also  is  feasible  to  target. 


(U)  Table  4-1. 

Energy  uses  in 
UNCLASSIFIED 

tbe  Soviet 

I  n  ion . 

Sector 

Lse 

Gas 

Oil 

Coal 

E.  Power 

Export 

3 

17 

2 

1 

Consumption 

15 

7 

13 

27 

Sel f-Lse 

3 

3 

27 

1 

In  Figure  4-1 

67 

50 

45 

43 

Percent  of 

88 

77 

87 

72 

Total  Outout 
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(t)  There  are  a  large  nucber  of  cement  plants  widely 

distributed  throughout  the  Soviet  Union.  Cement  plants  also  exist 
in  the  TDI  and  are  feasible  t<">  target. 

(U)  4-3  DEPENDENT  AND  OTHER  CLASSES 

(U)  Criteria  for  selection  as  a  member  of  the  dependent 

set  is  that  the  class  or  fraction  of  a  class  be  clearly  dependent 
on  one  or  more  outputs  of  goods  and  services  from  the  primary 
set.  Although  input-output  data  and  data  from  econometric  models 
can  be  useful  in  identifying  the  primary  set.  they  generally  are 
not  useful  in  defining  the  dependent  set.  This  results  from  the 
fact  that  input-output  tables  and  econometric  models  do  not 
generally  account  for  one  or  more  of  the  following: 

(U)  •  Some  industrial  classes  require  input  goods 

for  which  substitutions  are  not  currently 
possible.  For  example,  transformers  require 
specialized  rolled  steel. 

(U)  •  Some  industrial  classes  require  inputs  beyond 

a  definable  threshold  before  any  output  can 
be  provided.  For  example,  a  primary  steel 
rolling  mill  cannot  operate  without  more  than 
20  megawatts  of  input  power. 


(L) 


•  For  many  industrial  classes  the  relationship 
between  inputs  and  outputs  are  non-linear.  For 
example,  the  aluminum  industry  is  probably 
unaffected  until  the  power  capacity  has  been 
reduced  to  around  70%  of  the  pre-attack  level 
and  is  probably  completely  shut  down  when  the 
power  capacity  is  reduced  to  around  15%  of  the 
pre-attack  level. 

(U)  •  Considerable  substitutions  are  possible.  For 

example,  cement  kilns  require  concentrated 
sources  of  heat  and  these  can  be  provided  with 
natural  gas,  coal  or  with  oil  products  and  thus 
all  three  must  be  removed  to  insure  that  cement 
kilns  cannot  operate. 

These  kinds  of  issues  are  involved  in  determining  that  an 
industrial  class  is  clearly  dependent  on  goods  and  services  from 
the  primary  set.  An  example  of  a  set  of  dependent  industrial 
classes  is  shown  in  Table  4-2.  All  of  the  indicated  dependent 
classes  require  input  goods  and  services  from  one  or  more  of 
the  primary  classes.  This  table  also  lists  other  classes  not 
placed  in  either  the  primary  or  dependent  categories.  Obviously, 
industries  in  these  other  classes  are  dependent  to  varying 
degrees  on  the  primary  '’’ttoes.  However,  since  these  depen¬ 
dencies  were  uot  as  easily  or  clearly  definable  as  for  those 
classes  currently  in  the  dependent  set,  and  since  there  was  a 
desire  not  to  over  estimate  IlfVA,  certain  classes  were  relegated 
to  this  other  class  category. 


(U)  Tabic  4-2.  Specific  non-overlapping  economic  cIuhsoh 


(U)  4-4  QUANTITATIVE  RELATIONSHIP  OF  MV A  BETWEEN  CLASSES 


(U)  The  process  of  assigning  dependent  MVA  to  primary 

classes  is  a  complicated  and  lengthy  one  which  has  only  begun. 

It  involves  identifying  absolute  contingencies  such  as  those 
for  which  no  substitutions  are  possible  as  discussed  previously 
and  this  in  turn  requires  an  understanding  of  the  specific  pro¬ 
cesses  employed  in  each  dependent  sector.  As  a  result,  estimated 
values  are  uncertain  and  may  change  as  deeper  understanding  of 
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the  underlying  processes  is  gained.  Preliminary  dependencies 
have  been  identified  and  prelieinary  value  estimates  have  been 
made  in  the  following  discussion  in  order  to  demonstrate  the 
methodology.  The  magnitude  of  the  value  estimates  should  be 
modified  as  better  information  becomes  available. 

(U)  These  dependencies  were  based  on  the  following  speci¬ 

fic  issues  underlined  in  the  text: 

(U)  Rolled  steel,  ferrous  metallurgy,  non-ferrous  metal¬ 

lurgy,  oil,  irrigated  crops,  open  pit  coal  mining  and  the  electric 
driven  portions  of  transportation  are  considered  to  be  dependent 
on  electric  power . 

(U)  Reference  4  specifically  considered  these  relationships 

(c.f.  Appendix  E).  The  steel  rolling  process  in  the  Soviet 
Union  was  examined  in  terms  of  its  electric  power  requirements. 

The  entire  steel  rolling  process  will  stop  if  power  is  removed 
to  about  the  20  megawatt  level  and  all  major  complexes  will  be 
adversely  effected  if  power  is  removed  down  to  the  50  megawatt 
leve 1 . 

CL’)  Irrigated  crops  are  dependent  on  electric  power  to 

pump  water  at  key  pumping  stations  and  also  dependent  on  the 
water  supply  from  large  dams  which  are  likely  to  be  destroyed  as 
a  means  of  removing  electric  power  generating  units.  Irrigated 
lands  are  responsible  for  about  30%  of  the  agricultural  output. 
The  fraction  of  transportation  using  electric  locomotion  and  crude 
oil  pipelines  also  requires  electric  power.  This  fraction  is 


^  From  Reference  5  it  is  noted  that  in  1977  8%  of  the  viable 
land,  fruit  and  berry  area  produced  30%  of  the  total  volume 
of  agricultural  production  on  kolkhozes,  sovkhozes  and  other 
state  agricultural  enterprises.  From  Reference  6,  it  is  noted 
that  in  1975  irrigated  crops  comprised  14,500,000  hectare  of 
217,000,000  hectare  or  6.7%.  From  Reference  7,  it  is 
predicted  that  irrigated  acreage  will  be  28,000,000  by  the 
1980’s  or  13%  of  the  1975  total.  Therefore,  the  fraction 
irrigated  could  range  from  30/8  x  6.7  =  25%  to  30/8  x  13  * 

49%  and  the  higher  figure  has  more  uncertainty.  As  a  result 
the  value  30%  is  used. 


•  -  . 

‘V. 
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^  estimated  to  be  about  40%.  Finally,  it  was  generally  con- 

■j  eluded  that  since  the  system  losses  will  be  nearly  10%  the 

removal  of  generating  capacity  to  a  level  of  about  90%  would 


j 


cause  a  breakdown  in  the  high  voltage  distribution  system  and 
would  insure  that  less  than  10%  of  the  dependent  classes  would 
be  available. 


lachinerv  and  equipment-  production  is  considered 


dependent  cn  rolled  steel. 


(U)  Machinery  and  equipment  is  an  aggregation  of  sectors 

(i.e.,  15  to  46  of  Table  3-1),  which  produce  basic  items  such 
as  machine  tools,  turbines,  transformers,  generators  and  auto¬ 
mobiles.  Although  these  all  require  some  amount  of  cast  or  forged 
metal  procmcts  they  also  have  one  or  more  requirements  for  rolled 
steel  proc-cts.  For  example,  transformers  cannot  be  made  without 
special  rolled  steel  for  cores  and  automobiles  require  rolled 
sheet  as  well  as  axles  and  bearings,  all  of  which  depend  on  the 
steel  rolling  process.  The  removal  of  machinery  and  equipment 
would  not  stop  basic  production  such  as  steel  production  which 
could  ccnttnue  using  in  place  equipment;  however,  new  plant 
additions  ztd  replacement  of  worn  equipment  would  not  be  possible. 


Crops,  transportation  and  construction  are  considered 


to  be  dependent  on  oil. 


^  From  Reference  8,  page  163,  it  is  noted  that  in  1975,  60%  of 
the  freight  turnover  was  handled  by  rail  and  11%  by  oil  pipe¬ 
lines  leaving  29%  for  other  categories  of  freight  transpor¬ 
tation.  The  transportation  sector  in  the  1966  inout-output 
table  given  in  Reference  1  includes  freight-only  for  rail  and 
other  transport  and  communication;  however,  communication  is 
only  4%  of  the  1966  GV0.  From  Reference  9  at  least  some  and 
probably  all  crude  oil  pipelines  have  pump  driven  by  electric 
motors  (e.g.,  6300  kw)  and  froa  Reference  10  electrified  lines 
handled  a  little  more  than  one-half  of  all  freight.  Combining 
these  issues  result  in  the  following: 

.£6[60/2  +  fraction  of  oil  and  other  transport]  =  .40 
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(U)  Agriculture  is  made  up  of  livestock  and  crops.  Al¬ 

though  neither  of  these  is  directly  targetable  because  of  the 
large  number  of  farms  and  their  geographic  distribution,  most  of 
the  crops  (i.e.,  non-irrigated)  and  to  some  extent  livestock  re¬ 
quire  oil  products.  Without  gasoline  or  diesel  for  tractors, 
other  farm  machines  and  local  electric  generating  stations, 
crops  as  currently  defined  would  be  essentially  eliminated  and 
livestock  outputs  would  decline.  Clearly,  some  farm  activities 
could  continue  since,  for  example,  horses  could  still  be  used  to 
pull  plows  if  plows  of  the  right  type  were  available;  however, 
the  output  of  crops  would  not  be  expected  to  significantly  ex¬ 
ceed  local  demand  and  for  all  practical  purposes  the  MVA  of 
crops  would  be  eliminated.  It  is  expected  that  reduced  effici¬ 
encies  in  livestock  would  more  than  balance  residual  activities 
relating  to  crops  and  therefore  the  MVA  of  crops  is  assumed  to 
be  dependent  on  oil  while  livestock  is  considered  to  be  isolated 
and  therefore  not  available. 

(U)  Trau-portat io-  aa  defined  in  the  1972  input-output 

tables  inriuues  rail  transportation  (diesel  and  electric)  pipe¬ 
lines  and  water  transport  (marine  and  river)  as  well  as  communi¬ 
cations.  The  removal  of  oil  products  would  eliminate  diesel  de¬ 
pendent  rail  services,  most  pipelines,  water  transport  and  much 
of  conmunications  which  is  dependent  on  ssrall  local  diesel  or 
gasoline  driven  generators.  If  electric  power  was  still  available 
from  the  distribution  system,  electric  rail  and  some  communica¬ 
tions  would  remain  in  service.  Therefore,  it  is  expected  that 
without  oil  products  and  without  power  from  the  high  voltage  po¬ 
wer  distribution  system  or  oil  products,  transportation  as  cur¬ 
rently  defined  would  be  eliminated. 

(U)  Although  construction  in  the  Soviet  input-output 

table  is  handled  differently  (i.e.,  there  are  no  purchases  of 
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construction  by  other  sectors  by  definition)  it  has  an  MVA  and 
construction  does  purchase  from  other  industrial  sectors.  Con¬ 
struction  as  currently  defined  (e.g.,  construction  of  heavy  in¬ 
dustry)  is  dependent  on  oil  products  for  fuel  directly  or  on 
electric  power  from  small  generators  which  in  turn  require  oil 
products  for  fuel.  Log  calnus  could  still  be  built;  however, 
construction  as  currently  known  in  the  Soviet  Union  would  not  be 
expected  to  continue  without  oil  products. 

(U )  Construction  is  dependent  on  cement 

(U)  Construction  is  also  dependent  on  cement  including 

prefabricated  concrete  structures.  Although  the  cement  part  of 
construction  material  has  a  relatively  small  MVA,  the  combina¬ 
tion  of  self  MVA  and  construction  MVa  is  large.  The  issue  of 
whether  construction  should  be  credited  to  oil  or  cement  (since 
it  requires  both)  will  be  treated  subsequently. 

( U )  Chemical  production  is  dependent  on  electric  power 

(U)  Chemical  production  is  an  aggregation  of  basic  chemi¬ 

cals  such  as  ammonia  and  secondary  chemical  products  such  as 
synthetic  rubber.  In  1962,  the  energy  equipment  installed  in 
chemical  production  processes  was  8,895  MW  of  which  7,076  MW  was 
for  electric  motors.11  Although  some  production  might  continue 
in  small  chemical  complexes  and  in  small  parts  of  larger  com¬ 
plexes  based  on  other  energy  sources,  the  bulk  of  chemical 
production  is  considered  to  require  electric  power. 

(U)  Construction  material  requires  coal,  gas  or  oil 


(U)  Construction  material  requires  concentrated  sources 

of  heat  either  from  coal,  gas  or  oil.  Most  construction  mate- 
ial  involves  the  use  of  a  kiln  (e.g.,  cement);  however,  consid¬ 
erable  possibilities  for  substitution  exist  and  it  is  considered 
that  either  coal,  gas  or  oil  will  be  sufficient  for  the  construc¬ 
tion  material  processes  to  continue. 


it  coal  mining  is  dependent  on  electric  power  as 


reviously  and  deep  coal  mining  is  dependent  on 


(U)  The  fraction  of  coai  production  using  each  method  is 

shown  in  Fig.-,  a  4-2.  Deep  coal  mining  requires  pumps  for  water 
removal,  fans  for  ventilation,  power  for  hoists  and  equipment 
and  (Dost  of  these  are  dependent  on  electric  motors;  however,  it 
is  expected  that  back-up  power  supplies  will  be  available  at 
each  mine  which  can  be  used  when  the  electric  power  is  not 
available  from  the  distribution  system  and  these  will  be  depen¬ 
dent  on  oil  products.  Efficient  open  pit  mines  are  dependent  on 
large  automated  shovels  which  receive  power  from  high  voltage 
portable  cables  and  the  power  requirements  are  large  enough  that 
they  depend  on  the  high  voltage  distribution  system  or  they  are 
supplied  with  units  which  will  be  targeted. 

(C)  Figure  4-3,  summarizes  the  sectors  and  dependencies 

which  have  been  considered.  Targeted  sectors  are  shown  on  the 
top  and  each  interaction  which  has  been  considered  is  indicated 
with  an  arrow.  The  dashed  arrows  represent  dependencies  which 
will  be  considered  or  rejected.  The  solid  arrows  represent 
the  final  dependencies.  The  rationale  for  these  decisions  are 
presented  in  the  next  section. 

(U)  Of  the  1972  total  of  300  billion  rubles,  the  final 

primary  set  of  four  classes*  accounted  for  17.0  billion  rubles 
or  only  about  6*c  of  the  total  MVA ,  towever,  the  dependent  set 
accounted  for  154  billion  rubles  or  about  51*  of  the  total  MVA. 
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I  MV  A  LIMIT  FUNCTIONS 


(U)  The  basic  interactions  shown  in  Figure  4-3  relate  the 

dependent  classes  of  Table  4-2  to  the  primary  classes  and  it  is 

rr: ) » 

Ceoent  is  eliminated  from  the  primary  set  later  in  the  text. 


Basic  interactions  between 


clear  that  certain  cr.oices  are  possible  (e.g.,  assign  construc¬ 
tion  MVA  to  oil  or  cement ) .  Since  these  choices  involve  large 
segments  of  value  (e.g.,  24.6  billion  rubles  UVA  for  construc¬ 
tion)  their  resolution  will  have  a  significant  impact  on  the 
relative  value  of  targetabie  classes.  The  interaction  ques¬ 
tions  include  the  following: 

( l )  •  Should  M&.E  be  removed  by  taking  out  rolled  steel 

or  electric  power-7 

(L)  •  Should  construction  be  removed  by  taking  out 

cemen  t  or  oil? 

( U )  •  S.iould  rolled  steel  and  oil  be  removed  by  taking 

out  electric  power  or  by  direct  targeting? 

( U )  •  Which  class  among  coal,  gas  and  oil  will  be 

targeted  last  since  construction  material  re¬ 
quires  that  all  three  be  removed? 

The  resolution  of  these  questions  requires  that  limit  functions 
be  developed  as  defined  in  Section  3.  Limit  functions  are  needed 
for  electric  power,  oil,  steel,  natural  gas  and  cement  and  m 
the  case  of  electric  power,  two  functions  are  needed.  One  is 
needed  for  the  .i.cre  oil  and  steel  are  dependent  on  elec¬ 

tric  power  and  this  will  be  referred  to  as  total  electric  power 
limit  function  and  another  for  the  case  where  oil  and  steel  are 
targeted  directly. 

(U)  The  data  required  to  develop  limit  functions  are  as 

fol lows 

MVAj :  The  self  MVA  of  each  primary  class 

B. :  The  pre-attack  purchases  of  the  primary  classes 

‘  by  the  dependent  classes  plus  fhe  self  utiliza¬ 
tion  of  the  primary  class  as  calculated  using 
input-output  data  for  1^72  and  represented  as 
a  fraction  of  pre-attack  values. 

DtfVAj :  The  dependent  MVA. 

DE. :  The  capacity  damage  expectancy  to  be  achieved 

against  each  primary  class. 
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(U)  Except  for  cement,  supporting  data  for  the  limit  func¬ 

tion  constants  are  given  in  Table  4-4 .  The  MYAj  and  DMVAj  val¬ 
ues  are  given  directly;  the  dependent  definitions  permit  pro¬ 
cessing  of  the  1972  input-output  table  to  determine  the  values 
for  Bj .  The  resulting  constants  are  given  in  Table  4-5. 

Examples  of  damage  functions  for  the  first  four  classes  are  shown 
m  Figure  4-4  through  4-7  and  examples  of  limit  functions  are 
shown  in  Figures  4-8  through  4-11.  The  damage  functions  were 
obtained  using  a  maximum  marginal  return  approach  going  from 
largest  capacity  installations  to  the  smallest.  The  IMVA  limit 
functions  were  calculated  using  the  parameters  in  Table  4-5, 
Equation  (3-2)  and  the  damage  functions.  The  damage  functions 
relate  capacity  damage  expectancy  to  the  number  of  .8 
weapons.  With  these  results  and  similar  data  on  cement  and 
total  electric  powrer,  it  is  possible  to  resolve  the  questions 


raised  above  and  underlined  in  the  text  below. 

(U )  Should  MiLE  be  removed  by  taking  out  rolled  steel  or 

electric  power? 

(U)  The  impacted  MVA  attainable  with  each  of  these  options 

is  shown  in  Figure  4-12.  For  example,  with  electric  power,  the 
impacted  MVA  is  small  (i.e.,  only  self  MVA)  until  about  40  in¬ 
stallations  have  been  targeted  and  at  this  point  impacted  MVA 
rapidly  increases  to  a  point  which  corresponds  to  about  5CT  of 
capacity.  Beyond  this,  the  functions  levels  off  since  smaller 
plants  are  involved.  A  similar  function  results  for  rolled 
steel  except  that  the  return  per  weapon  is  significantly  greater 
than  for  electric  power.  It  is  clear  that  of  the  two  options, 
it  is  more  efficient  to  target  rolled  steel  directly  than  to 
target  electric  power  as  a  means  of  impacting  the  M&E  sector. 
Even  if  the  number  of  rolled  steel  locations  used  here  was 
low  by  a  factor  of  2  or  3*  (cf  Appendix  B  )  one  would  prefer  to 
target  them  directly. 


This  could  happen,  if  rolling  mills  for  copper  and  aluminum 
could  be  converted  to  rolling  steel  products.  The  feasibility 
of  this  option  has  yet  to  be  studied. 


BILLIONS  OP  RUBLES 


Percent  of  Capacity  Destroyed  Percent  of  Capacity  Destroyed 


(U)  Figure  4-8.  Limit  function  for  electric  power. 


Impacted  MVA  (Rubles,  Billions) 


Number  of  .8  P.  Weapons  Assigned 


(u)  The  approach  used  to  resolve  this  question  was  to 

determine  which  of  the  two  options  offers  the  greatest  marginal 
return  of  1MYA  per  weapon.  Since  there  are  only  about  14 
rolled  steel  plants  as  compared  to  over  500  electric  power 
plants,  the  IUVA  per  weapon  possible  with  M&E  with  rolled 
steel  becomes  clearly  preferred.  Similar  techniques  are  applied 
to  resolve  the  other  questions. 


Should  construction  be  removed  by  taking  out  cement 


or  oil? 


(V)  The  IUVA  attributable  to  each  of  these  opticns  is 

shown  in  Figure  4-13.  In  this  case,  weapon  efficiency  dictates 
that  construction  should  be  considered  as  an  impact  of 
the  loss  of  oil.  As  a  result,  cement  becomes  relatively  unim¬ 
portant  as  a  primary  class  and  its  value  will  be  included  in 
construction  material  as  a  dependent  class. 

Should  rolled  steel  and  oil  be  removed  bv  taking  out 


electric  Dower  or  sh<*»»\d  tiiev  be  removed  by  direct  targeting? 


(tT>  The  IUVA  for  each  of  these  options  is  shown  in  Figure 

4-lq  and  one  should  directly  target  rolled  steel  mills  and 
oil . 

U)  Which  class  among  coal,  gas  and  oil  will  be  targeted 

last  since  construction  material  reouires  that  all  three  be 


removed? 

(U)  The  above  question  needs  to  be  resolved  if  it  is 

assumed  that  each  fuel  can  substitute  for  the  other.  The  average 
value  of  IUVA  per  installation  for  oil  is  about  1.8  billion 
rubles,  for  coal  is  about  110  million  rubles*  and  for  gas  71 
million  rubles.  Therefore  one  should  attribute  the  construction 
material  MVA  to  gas  rather  than  to  coal  or  oil. 


P 

Coal  was  considered  as  non-targetable  in  the  previous  example; 
however,  if  targeted,  would  have  an  impacted  MVA  of  about  8  3 
billion  rubles  based  on  self-MVA,  10%  of  chemicals  and  pig  iron 
production. 


Construction  options. 


Direct  targeting 


(U)  Having  resolved  each  of  the  interactive  questions 

based  on  targeting  efficiencies,  specific  IMVA  values  for  the 
remaining  4  primary  sectors  can  be  identified  as  oil,  steel, 
electric  power  and  gas.  Self-MVA,  dependent  MVA  and  total  MVA 
are  listed  for  each  primary  class  in  Table  4-4.  The  total  MVA 
associated  with  the  targetable  sectors  is  171.2  billion  rubles. 
The  remaining  MVA  is  shown  in  Table  4-6  as  a  matter  of  interest. 
The  elements  of  remaining  MVA  which  are  correlated  with  floor 
space  would  represent  bonus  MVA  if  they  aie  destroyed  as  the 
primary  classes  such  as  oil  are  attacked  or  they  represent  col¬ 
lateral  value  which  might  represent  undesirable  destroyed  value 
in  escalation  control  situations. 

(U)  4-6  IlfVA  RELATIONSHIP  WITH  INSTALLATION'S 

(U)  The  basic  relationships  between  primary  and  dependent 

classes  have  been  developed  (cf  Table  4-4),  the  limit  function 
parameters  have  been  developed  (cf  Table  4-5),  and  the  limit 
functions  have  been  develonaA  (d  Figure  4-8  to  4-11)  for  the 
primary  clto-i  industries.  The  prior  calculations  of  limit 
runctions  have  been  based  on  the  limit  function  equation  and 
the  capacity  damage  functions.  The  basic  assumption  has  been 
that  the  class  IMVA  is  proportioned  across  the  installations  in 
a  class  according  to  capacity.  A  cross  plot  of  the  limit 
functions  and  the  capacity  damage  functions  results  in  Fig¬ 
ure  4-15.  This  figure  is  in  terms  of  percent  of  capacity  des¬ 
troyed.  It  j Iso  could  be  drawn  in  terms  of  number  of  installa¬ 
tions  with  the  installations  ordered  from  highest  to  lowest 
capacity . 

(U)  4-7  WEAPON  ALLOCATIONS  BASED  UPON  IMVA 

(U)  The  final  step  in  the  IMVA  example  is  to  demonstrate 

a  weapon  allocation  procedure  that  could  be  used.  All  four 
of  the  limit  functions  are  shown  in  Figure  4-16.  With  functions 
such  as  these,  optimum  allocations  can  be  found  by  finding 


(U)  Table  4-6.  Bonus  and  isolated  class  MVA. 


Bonus /Col lateral 

Classes 

Isolated  Classes 

Textiles  and  Sewing 

22* 

Food 

-5 

Trade  and  Dirt . 

21 

Livestock 

27 

Other  Industry 

13  i 

Forestry 

Repair  of  MLE 

1 

7 

Peat  and  Shale 

1 

Wood  Products 

7 

Food  Processing 

32 

Other  Branches 

3 

Total  MVA 

105 

Total  MVA 

23 

Percent 

35 

Percent 

8 

^U^*Billions  of  rubles. 
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Figure  4-1C-.  Weapon 


points  for  which  the  rates  of  change  on  all  functions  are  equal. 
Such  points  can  be  found  for  whatever  slope  is  desired.  For 
example,  the  case  where  25  million  rubles  per  weapon  is  the  de¬ 
sired  IMVA  return  per  weapon  is  shown  in  Figure  4-16.  In  this 
case  46  weapons  would  be  allocated  to  rolled  steel.  134  to  oil 
refineries  and  425  to  electric  power.  None  would  be  allocated 
to  natural  gas  because  of  the  poorer  marginal  return  per 
weapon.  By  repeating  this  procedure  for  various  slopes,  the 
results  in  Table  4-7  can  be  obtained.  This  table  also  shows 
the  damage  expectancy  required  for  each  industry  in  the  primary 
c  lass . 

(U)  The  example  with  25  million  rubles  per  weapon  requires 

a  high  degree  of  multiple  weapon  application  to  high  value  instal¬ 
lations.  This  is  shown  in  Table  4-8.  There  were  14  rolled  steel 
installations.  The  top  6  received  4  weapons  each.  The  next  6 
received  3  weapons  each.  The  last  2  received  2  weapons.  The  45 
oil  refineries  received  from  2  to  4  weapons  each.  This  result 
is  expected  given  the  characteristic  shape  of  the  limit  func¬ 
tions  and  the  large  differences  between  individual  limit  func¬ 
tions  shewn  in  Figure  4-1C.  Because  of  the  relatively  few  num¬ 
ber  of  rolled  steel  and  oil  installations  and  yet  their  high 
I  MV  A  potential,  the  largest  return  per  weapon  occurs  when  these 
installations  have  very  high  damage  expectancies. 

(U)  Another  interesting  aspect  of  the  results  in  Table  4-7 

is  the  large  weapon  requirements  for  the  lower  IMVA  per  weapon 
cases.  This  is  shown  in  Figure  4-17.  Beyond  about  300  weapons 
the  IMVA  return  per  weapon  decreases  rapidly.  This  case  cor¬ 
responds  to  heavy  emphasis  on  oil  and  rolled  steel  with  about 
120  weapons  and  about  180  weapons  on  the  electric  power  instal- 
lat  ions.  Referring  to  the  electric  power  limit  function  in 
Figure  4-16,  the  180  weapon  case  occurs  at  the  place  where 
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there  is  a  large  slope.  This  may  be  a  point  on  the  curve  where 
the  uncertainty  in  the  shape  is  of  concern  leading  one  to  in¬ 
crease  weapon  requirements  for  electric  power  to  reduce  un¬ 
certainty  (e.g.  about  250  weapons).  Also.  Figure  4-4  indi¬ 
cates  that  180  weapons  on  electric  power  results  in  655.  capacity 
destroyed  while  250  weapons  results  in  about  8C5>  capacity 
destroyed.  The  main  point  of  the  above  results  is  that  IMVA 
signifies  the  importance  of  primary  class  industries  given  the 
fact  that  many  other  industries  are  dependent  upon  the  operation 
of  the  primary  class  industries.  In  other  words,  if  the  primary 
class  industries  are  heavily  destroyed  then  the  effect  on  the 
economy  is  far  greater  than  the  economic  value  of  the  primary 
class  industries  alone.  Therefore,  rather  than  spreading 
available  weapons  around  across  primary  and  dependent  class 
industries,  it  is  far  better  first  to  cause  significant  damage 
to  the  primary  class  industries. 

(U)  The  above  allocation  technique  represents  one  possible 

allocation  method  for  IMVA  application.  Only  primary  class 
industries  received  weapons  in  this  example.  Other  industries 
arc  destroyed  only  if  they  are  collateral  to  these  primary  class 
industries.  An  economic  targeting  approach  such  as  this  might 
be  regarded  as  being  too  dependent  upon  the  validity  of  the 
intelligence  data  and  the  approach  for  development  of  IMVA  and 
too  open  to  unforeseen  contingencies  the  Soviets  might  employ 
for  recovery.  SIOP  plans  can  not  be  allowed  to  have  much  in¬ 
tuitive  uncertainties  in  order  to  be  perceived  credible  to  the 
planners,  the  NCA  and  any  other  party.  Other  techniques  dis- 
.  cussed  in  the  next  section  have  been  developed  to  augment  the 
application  of  IMVA.  However,  the  basic  fundamental  thesis  re¬ 
mains  of  first  emphasizing  weapon  resources  on  the  primary  class 
industries . 
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(D)  4-8  COLLATERAL  DAMAGE  RESULTS 


(U)  In  tbe  above  example  for  attacks  on  primary  class 

industries  only,  it  was  mentioned  that  some  collateral  indus¬ 
tries  also  would  be  destroyed.  A  calculation  vas  completed 
to  estimate  the  degree  of  collateral  damage  for  an  attack 
only  on  electric  power,  steel  and  oil. 


(U)  Based  upon  the  primary  class  installations  and  the 

above  weapon  characteristics,  a  total  of  653  DGZs  were  developed. 
Consistent  with  the  oil,  rolled  steel  and  electric  power  limit 
functions,  a  dynamic  programming  allocation  technique  was  used 
to  allocate  the  1000  weapons  and  maximize  tbe  IMVA.  This 
was  a  very  approximate  calculation  since  tbe  TDI  does  not  con¬ 
tain  IMVA  or  even  MVA  for  each  installation.  It  provides  for 
the  calculation  of  PRWV  and  these  values  had  to  be  used. 
Therefore,  the  limit  functions  provided  scaling  techniques  to 
be  used  in  conjunction  with  PRWV  data.  The  TANDEM  program  was 
used  to  calculate  the  expected  value  destroyed  for  the  alloca¬ 
tion  of  1000  weapons  to  the  653  DGZs.  Some  DGZs  received  no 


weapons,  some  received  as  many  as  4  weapons.  The  results  of 
the  TANDEM  calculation  are  shown  in  Table  4-9.  Note  that  more 
collateral  value  was  destroyed  than  direct  value  destroyed  for 
the  primary  class.  Also,  note  that  important  industrial  categories 
were  in  the  collateral  destroyed  class. 

(U)  The  above  result  simply  indicates  that  collateral  or 

bonus  damage  can  be  large  when  primary  class  installations  are 
attacked  and  if  actual  destroyed  value  is  the  parameter  of  interest 
Impacted  values  only  affected  the  allocation  and  are  not  pre¬ 
sented  in  Table  4-9. 


(U)  Table  4-9.  Collateral  damage  results. 


Class 


Expected  Value  Destroyed 
(Millions  U.S.  Dollars) 


Example  Categories 


Primary  $47,000  Oil,  Electrical  Power, 

Steel 


Other  $56,000  Chemicals,  Rubber  Products 

and  Plastics,  Construction 
Material,  Machine  Tools, 
Electric  Power  Equipment 
Manufacture,  Boilers, 
Turbines  Manufacture, 
Industry  Concentration 
Centers 


SECTION’  5 


(U)  IUVA  IMPLICATIONS  FOR  TARGETING 
( U )  5-1  I NTRODUCT I ON 

(U)  There  are  a  variety  of  methods  possible  for  implemen¬ 

tation  of  IUVA  into  tie  SIO?  process.  Several  methods  are  dis¬ 
cussed  in  this  section.  In  addition,  since  IMVA  depends  upon 
MVA  and  therefore  emphasizes  the  immediate  post  attack  time 
period,  other  techniques  are  warranted  to  augment  IMVA  and 
address  explicitly  prolonging  recovery.  These  techniques  also 
are  described  briefly  in  this  section. 


(U)  The  above  discussion  displays  the  complexity  of  SIOP 

development  yet  deals  with  only  a  portion  of  the  development  and 
evaluation  process.  Possible  approaches  for  IHVA  implementation 


must  be  sufficiently  consistent  with  the  total  process  so  as  not  to 
cause  excessive  complexities  in  comparison  to  the  benefits  obtained 
using  I MV A .  The  following  six  step  implementation  approach 
potentially  offers  this  feasibility: 


(U> 


(U ) 


(U) 


(U) 


(U) 


1.  Complete  more  detailed  research  to  define 
primary  class  industries,  dependent  class 
industries  and  the  MVA  relationships 
between  the  two  classes.  This  is  expected 
to  be  an  intelligence  agency  function  and 
will  lead  to  the  oasic  data  necessary  for 
IMVA  calculations. 

2.  Development  MVA  for  all  economic  installations 
and  add  it  as  a  parameter  to  the  TDI .  The 
MVA  is  to  be  used  mainly  for  IMVA  estimates 
during  target  development  and  weapon  allocation; 
it  measures  the  decisive  reduction  aspects  in 
the  guidance. 

3.  Develop  limit  function  parameters  (cf  Table  4-5) 
and  provide  these,  the  limit  function  equations 
and  the  primary-dependent  class  relationships 
are  like  those  in  Table  4-4.  This  data  together 
with  the  MVA  data  is  sufficient  to  describe: 

(1)  maximum  IOTA  associated  with  each  primary 
class  and,  (2)  each  of  the  IMVA  limit  functions. 
The  limit  functions  can  be  expressed  as  a  function 
of  capacity  damage  expectancy  rather  than  the 
number  of  .8  weapons. 

4.  Specify  the  desired  total  IMVA  or  the  IMVA  per 
equivalent  weapon  or  the  total  equivalent 
weapons  for  attacks  on  primary  class  industries. 

An  equivalent  weapon  concert  is  useful  when 
considering  a  mixed  weapon  force.  IMVA  per  unit 
of  capacity  damage  expectancy  also  would  suffice. 
One  of  the  above  three  parameters  is  needed  to 
determine  which  limit  functions  are  used  (e.g. 
which  primary  class  industries  are  targeted)  and 
the  point  to  be  used  for  each  limit  function  (e.g. 
the  specific  IMVA  associated  with  a  part  cular 
capacity  damage  expectancy  or  number  of  equivalent 
weapons )  . 

5.  Once  the  above  data  is  developed,  the  primary 
class  installations  can  be  assigned  IMVA  values 
for  DGZ  development.  Therefore,  basic  value  data 
at  the  installation  level  would  exist.  It  is 
important  to  note,  however,  that  this  data  would 
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be  calculated  based  upon  the  installation  MVA 
data,  the  primary-dependent  class  relationships, 
the  limit  function  equations  and  the  overall 
IMVA  per  weapon,  or  total  IMTA  or  total  attack 
size  requirement.  The  primary  class  IMVA  would 
be  proportioned  over  the  installations  accord¬ 
ing  to  installation  capacity  or  MV A  data. 

(U)  6.  Once  DGZ's  were  developed  based  upon  installation 

IMVA,  the  weapon  allocation  process  could  be 
completed  using  various  allocation  approaches 
(e.g.  maximum  marginal  return,  dynamic  programming, 
etc.)  to  optimize  total  IMVA  consistent  with  the 
IMVA  limit  functions. 

(U)  The  above  procedure  is  developed  to  the  point  for  tar¬ 

geting  only  for  IMVA.  The  economic  measures  are  primary  class 
MVA  destroyed,  dependent  class  halted  MVA  and  bonus  MVA  destroyed 
The  use  of  K  to  account  for  prolonging  recovery  is  not  developed 
above  but  is  addressed  later.  It  is  recognized  that  the  above 
method  is  more  complex  than  the  PRttV  method  principally  because 
of  the  increased  amount  of  data  and  data  manipulation  (e.g.  licit 
function  applies* ; .«j  ior  DGZ  development  and  weapon  allocation. 
H^cver,  there  is  a  fundamental  difference  between  PRW'V  and  IMVA 
which  leads  to  this  increased  complexity.  PRUT  is  a  measure 
which  applies  only  to  the  specific  installation.  For  example,  a 
particular  power  plant  has  the  same  PRWV  whether  it  alone  is  des¬ 
troyed  or  whether  the  total  power  generation  industry  is  destroye 
IMVA,  however,  accounts  for  the  impact  of  large  scale  destruction 
of  a  primary  class  industry  in  the  sense  ci  other  industries 
halted.  For  example,  the  economic  impact  of  destroying  a  single 
power  plant  is  not  as  significant  as  when  this  power  plant  is 
destroyed  as  part  of  a  large  attack  on  the  power  generation 
industry.  Therefore,  using  IMVA  requires  coupling  of  value  data 
to  attack  size  in  some  fashion. 

(U)  A  very  useful  by-product  of  IMVA  is  its  potential  suit¬ 

ability  m  the  building  block  concept.  The  application  of  IMVA 
for  primary  class  industries  would  result  in  a  measure  of  the 


clock  lor  oil  refin- 


econocic  impact  of.  for  example,  a  building 
eries  or  a  building  block  for  steel  mills  or  one  for  electric 
power.  PRVTV  is  not  an  appropriate  measure  for  these  smaller  attack 
levels  because  it  applies  only  to  the  damage  to  the  attacked 
industries  anu  not  to  the  potential  economic  impact  of  the  loss 
of  these  industries. 

(U)  Although  a  potentially  feasible  approach  for  implemen¬ 

tation,  the  above  approach  has  a  number  of  deficiencies.  One  is 
the  emphasis  on  depth  of  attack  even  though  primary  class  indus¬ 
tries  (e.g.  oil,  steel,  electric  power,  etc.)  have  not  only  high 
IMVA  but  also  high  impacted  capital.  In  other  words,  the  capital 
in  the  halted  industries  in  many  cases  is  not  useable  until  the 
primary  class  industries  have  been  restored.  However,  the  method 
does  not  explicitly  address  prolonging  recovery.  Another  possible 
deficiency  is  that  only  primary  class  industries  and  bonus 
industries  are  destroyed.  Large  plants,  either  by  MVA  or  K  and 
not  in  the  primary  class  are  not  targeted.  This  includes  signif¬ 
icant  facilities  such  as  the  Kama  River  truck  plant.  One  ray 
argue  that  such  a  procedure  may  be  very  appropriate  in  a  signif¬ 
icantly  constrained  weapon  resource  environment  or  for  sei-  .  d 
attack  options  based  upon  the  building  block  concept.  Howe--. -r. 
the  risks  associated  with  IMVA  definition  uncertainties  as  well 
as  other  uncertainties  such  as  inventories,  substitution  and 
expropriation  may  be  unacceptably  high  for  large  attacks  such  as 
major  attack  options.  In  other  words,  as  long  as  the  prir..rv 
class  industries  are  destroyed  sufficiently  to  achieve  a  very  high 
total  IMVA,  it  may  be  desirable  that  other  large  installations 
also  are  targeted  for  greater  confidence  in  overall  attack 
e  f  feet i veness . 

(U)  Another  implementation  approach  has  been  developed  to 

address  the  above  deficiencies.  It  is  the  same  as  the  IMVA 
approach  above  but  includes  the  following  additional  steps: 


(V) 


1.  Develop  capit.il  stock  data,  K.  for  each 
economic  installation  and  add  it  as  a 
parameter  to  the  FDI .  The  k  is  a  measure 
used  for  the  aspects  of  the  guidance  for 
prolonging  recovery.  More  details  regarding 
the  use  of  K  are  presented  in  the  next  section. 

(U)  2.  Specify  basic  attack  size  data  in  terms 

of:  (a)  1MY.A  per  weapon,  or  total  IM\A  or 

IMYA  attack  size  a:.d  (b)  MVA  per  weapon  or 
total  MYA  or  MY.'  attack  size  and,  (c)  K  per 
weapon  or  total  K  zr  K  attack  size.  These 
data  al  low  the  definition  of  the  IMYA  r-lated 
portion  ol  the  attack  and  the  trades  necessary 
to  describe  destroyed  versus  halted  industries. 

As  initial  rough  allocation  o:  weapon  resources 
to  preliminary  DGZ's  would  be  useful  to  determine 
the  trade  offs.  The  objective  of  such  analysis 
is  to  not  count  targeted  MYA  or  K  installations 
as  halted  in  the  IMYA  calculations. 

( L' )  3.  Develop  DGZ's  based  upor  IMYA,  K  and  MVA 

installation  value  data. 

(U)  4.  Complete  weapon  allocations  to  meet  IMYA,  K  and 

MYA  objectives  in  a  weapon  efficient  manner. 

Cl)  The  above  approach,  diagrammed  in  Figure  5-1.  is  not 

the  only  one  to  address  the  possible  deficiencies  in  the  approach 
based  upon  only  IMYA  research  in  progress  has  resulted  in  MYA 
and  K  ’-elutions.  Also,  it  may  not  be  desirable  to  consider  IMYA, 
MVA  and  K.  Perhaps  IMYA  and  K  are  sufficient  to  address  both 
aspects  of  the  guidance.  These  issues  remain  to  be  addressed  to 
determine  the  preferred  implementation  approach  which  allows 
utilization  of  the  beneficial  aspects  of  IMYA  and  is  relatively 
straightforward  to  include  in  the  SIOP  process.  In  addition,  it 
is  unknown  at  this  time  how  incorporation  of  IMYA  with  or  without 
additional  MYA  and  K  targets  would  change  laydowns  as  compared  to 
the  use  of  PRWV.  Prior  research  indicated  that  for  large  attack 
the  use  cf  PRWV  and  GYO  resulted  in  essentially  the  same  laydowns 
and  damage  irrespective  of  the  particular  value  system  used  for 
laydown  development  or  evaluation.  It  would  be  expected  that  for 
very  large  attacks,  the  same  type  of  results  would  occur  using 
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IMVA.  Tms  is  expected  because  enough  weapons  could  be  used  so 
that  almost  all  industry  was  destroyed  and,  therefore,  the  halted 
UVA  m  IMVA  no  longer  would  be  relevant.  However,  it  is  not  known  how 
many  arriving  weapons  in  a  laydown  would  be  required  to  achieve 
this  expectation.  It  is  known  that  with  800  arriving  .8  Pj. 
weapons,  the  targets  attacked  using  IMVA  would  be  largely  primary 
class  installations.  Th  ’  s  is  far  different  from  what  would  be 
expected  with  PP.TV. 

(U)  5-3  ASPECTS  FOR  PROLONGING  RECOVERY 

(U)  The  previous  discussion  has  suggested  methods  for  assign¬ 

ing  relative  value  to  Soviet  economic  assets  in  terms  of  immediate 
post  attack  impact.  Although  of  considerable  importance,  this 
relative  value  is  only  one  of  several  issues  involved  in  targeting 
economic  assets.  In  general,  recovery  denial  attacks  have  two 
objectives  including  the  depth  to  which  the  attack  is  driven  and 
the  length  of  time  required  for  the  economy  to  recover.  These 
issues  are  complicated  by  lack  of  current  guidance  as  to  the 
relative  priority  of  depth  of  attack  and  length  of  recovery 
period. 

(U)  The  methodology  for  assigning  value  based  on  depth  of 

attack  which  was  described  in  an  early  section  of  this  report  is 
based  on  IV.VA  and  was  only  recommended  to  measure  the  immediate 
post  attack  impact.  The  length  of  recovery  time  was  r.ot  addres->d 
except  to  suggest  that  it  be  considered  a  separate  issue  and  that 
targets  Important  to  long  recovery  times  be  identified  and  added 
to  ::.e  IMVA  list  if  they  were  not  already  included. 

(U)  The  Soviet  recovery  process  has  been  studied  under  other 

analysis  programs  for  the  Navy  for  SAI  and  for  DNA.  As  a  result 
13 

of  the  Navy  work,  a  preliminary  methodology  was  developed  for 
analyzing  the  recovery  of  the  Soviet  electi  ic  power  industry. 

This  preliminary  methodology  has  been  broadened  by  SAI  to  include 
other  key  industries  and  targeting  issues.  The  primary  issues 
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identified  in  this  work  include  the  role  of  new  construction  in 
delaying  the  recovery  process  and  a  more  generalized  methodology 
which  permits  one  to  include  such  issues  as  technology  relative 
to  growth  of  investment,  time  phasing  of  the  economic  impact,  and 
the  impact  of  depth  of  attack  on  ar.y  particular  industrial  instal¬ 
lation  or  class  as  well  as  depth  of  attack  on  related  industrial 
classes.  These  developments  have  provided  a  basis  for  DNA  activity 
which  has  just  been  completed  and  which  will  estimate  the  recovery- 
times  for  eiectric  power,  steel  and  oil  industries  in  the  Soviet  Union 
IMYA  as  developed  in  the  early  sections  of  this  document  is  com¬ 
patible  with  these  activities  and  provides  the  basis  for  estim¬ 
ating  recovery  functions;  however,  additional  considerations  are 
required  for  a  true  assessment  of  the  economic  impact. 

(L)  As  an  example  of  the  time  phasing  of  the  attack  impact 

and  the  remaining  portions  of  the  recovery  function  resulting 
from  the  SAI  effort,  it  was  possible  to  identify  dependent  MV  A 
where  the  impact  was  immediate,  would  occur  in  less  than  three 
months  and  in  less  than  six  months.  Based  on  these  tine  consid¬ 
erations,  codified  I MV A  limit  functions  were  developed  and  the 
example  recovery  function  r,bure  5-2  was  estimated.*  The  function 
in  Figure  5-2  is  based  on  an  attack  in  1972  with  about  one  thousand 
-o  weapons  on  the  primary  classes  defined  in  Section  4  and  on 
new  construction  for  each  class.  The  rise  in  MVA  shown  between 
196*3  and  1972  is  the  actual  value  taken  from  input-output  tables. 

There  would  be  an  immediate  reduction  of  30  billion  rubles  du*5  to 
the  loss  of  electric  power  followed  by  an  additional  6  months  as 
the  goods  m  stockpile  and  supply  lines  were  used  up  leaving  150 
billion  rubles  after  6  months  if  no  bonus  damaged  was  involved. 

Adding  bonus  damage  causes  the  surviving  level  to  be  somewhere  in 
the  cross-hatched  region.  Because  the  attack  included  new  con¬ 
struction  there  would  be  ail  estimated  period  of  6  years  during 
which  the  electric  power  industry  backlog  was  replaced  „..d  then 
( 1  )  * 

These  early  results  are  presented  as  an  example.  Subsequent 
work  has  resulted  in  a  preliminary  methodology  for  generating 
recovery  functions.  The  basic  computer  program  called  ARITA 
(Attack  and  Recovery  of  Industry  Targets  Algorithm)  is  cur¬ 
rently  being  developed. 


the  indicated  recovery  process  could  be  achieved.  The  basic 
recovery  function  does  not  include  the  increased  delays  which 
would  be  expected  as  bonus  damage  was  considered. 

(U)  If  the  bonus  damage  is  not  considered,  this  recovery 

function  would  look  very  much  like  comparable  functions  which 
have  been  developed  in  past  studies  and  one  could  argue  that 
this  is  only  marginally  more  than  the  situation  during  World 
War  II.  There  can  also  be  countering  arguments  which  suggest 
that  during  the  15  to  20  year  recovery  period,  other  major  powers 
would  have  continued  to  develop  and  on  a  relative  basis  the 
situation  would  be  much  more  serious  than  shewn  in  Figure  5-2. 
However,  the  more  serious  condition  involves  a  consideration  of 
which  sectors  of  the  economy  remain  and  how  they  might  relate  to 
post-attack  world  power  status. 

( U )  If,  rather  than  classifying  economic  sectors  relative 

to  the  targeting  problem  of  maximizing  the  attack  depth,  one 
classifies  the  sectors  by  heavy  industry  and  by  subsistance  sec¬ 
tors  a  different  perspective  is  provided.  Such  a  classification  is 
provided  in  Table  5-1  in  comparison  with  depth  of  attack  class¬ 
ifications  which  were  previously  defined.  Heavy  industry  is 
essentially  the  industrial  complex  required  to  support  the  1972 
world  power  status  and  military  complex  and  subsistance  sectors 
essentially  are  required  to  support  the  1972  population  at  the 
1972  level  of  economic  well  being.  The  significance  of  the  attack 
defined  above  now  becomes  more  obvious  if  one  superimposes  the 
subsistance  sectors  value  on  the  function  of  Figure  5-2  as  is  shown 
m  Figure  5-3.  The  subsistance  sector  level  would  exceed  sur¬ 
viving  value  for  a  significant  period  of  tir-e  and  if  the  Soviet 
civil  defense  program  had  been  successfully  carried  out  and  some 
bonus  damage  accounted  for,  it  is  unlikely  that  subsistance  levels 
would  be  available. 

( L" )  It  is  also  clear  that  the  long  term  support  of  the  1972 

military  complex  would  require  the  replacement  of  the  1972  indus¬ 
trial  complex  and  this  can  be  one  definition  of  recovery.  It  is 


believed  that  the  issues  portrayed  by  Figure  5-3  m: re  nearly 
represent  the  true  economic  impact  of  the  attack  than  by  Figure 
5-2.  The  concept  of  IMVA  was  needed  to  determine  tee  basic  recovery 
functions  of  tho^e  figures  and  to  identify  efficient  targeting 
options,  however,  additional  considerations  of  isr.es  important 
to  the  recovery  process  were  required  to  better  assess  the  overall 
economic  impact. 

(U)  An  additional  targeting  issue  which  was  also  addressed 

in  Reference  13  was  that  some  critical  elements  will  result  in 
longer  recovery  times  than  others.  For  example  targeting  tur¬ 
bines  and  generators  was  estimated  to  nearly  double  tbe  recovery- 
time  for  electric  power  when  compared  to  targeting  transformers. 

This  can  have  a  significant  effect  on  nuclear  weapin  requirements 

since  turbine  and  generators  are  considered  to  be  in  the  order  of 
1 0 

harder  (50U  psi  compared  to  transformers  which  are  ca  the  order 
of  15  psi).  Furthermore,  it  is  expected  that  comparable  results 
will  occur  with  steel  rolling  mills  since  the  rolling  mills  them¬ 
selves  are  considered  much  harder  than  the  blast  furnaces,  buildings 
and  other  steel  plant  elements. 

(U)  Finally,  an  attack  based  upon  IMVA  results  it  heavy- 

destruction  of  primary  class  installations  which  must  be  rebuilt 
to  support  recovery.  If  other  high  MVA  or  K  insta. lar _ons  are 
targeted,  besides  those  mentioned  above  which  provide  inputs  for 
the  reconstruction  of  the  primary  class,  then  ncorsry  resources 
would  be  required  to  rebuild  these  installations.  This  delays 
recovery  to  the  extent  that  this  process  uses  reco  ->ry  resources 
which  could  be  devoted  to  primary  class  reconstruction.  Obviously 
there  are  trade-offs  between  how  much  damage  should  be  obtained 
based  upon  IMVA  which  emphasizes  the  immediate  post  attack  con¬ 
dition  and  how  much  should  be  obtained  based  upon  nigh  MVA  or  high 
K  which  emphasizes  prolonging  recovery.  One  intereoting  aspect, 
however,  is  that  with  the  possibility  of  new  guidance  which  may 
divide  economic  targets  into  war  supporting,  immediate  post  attack 
and  long  term  recovery  categories,  the  IMVA  and  II  treasures  may  be 
very  appropriate  to  address  the  latter  two  categories. 
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SECTION 


(U)  CONCLUSION'S  AND  REC0MMENDA7 IONS 
(This  Section  is  Declassifies) 

6-1  CONCLUSIONS 

A  figure  of  merit  called  Impacted  Manufacturing  Value 
Added  ( I  MV A )  has  been  developed  for  industrial  targeting  during  SIOP 
development  and  evaluation.  This  figure  if  merit  is  a  potentially 
attractive  alternative  to  the  current  figure  of  merit,  postwar 
recovery  weighted  value  (PRWV)  The  potential  benefits,  problem? 
and  other  conclusions  are  as  follows: 

1.  IMVA  provides  a  common  quantitative  measure 
that  can  be  used  for  both  critical  cr  primary 
industrial  classes  as  well  as  other  nen- 
primary  industrial  classes.  This  occurs  because 
IMVA  is  the  sum  of  destroyed  and  halted  MVA  for 
primary  industrial  classes  and  MVA  can  be 

used  for  the  non-primary  classes. 

2.  The  functional  interdependence  between  primary 
and  dependent  industrial  classes  is  treated 
explicitly  in  IMVA  as  is  the  economic  inter¬ 
dependence.  Physical  engineering  constraints 
are  considered  in  the  IMVA  development  regarding 
inputs  required  to  produce  spe-cific  output 
products . 

3.  IMVA  is  dependent  up:n  attack  characteristics 
which  determine  attarx  size.  As  an  example,  if 
a  large  electrical  rower  plant  is  destroyed  in 
a  single  weapon  attaik  it  has  one  value  base^ 
upon  its  MVA.  However,  if  the  same  plant  is 
destroyed  in  a  larger  attack  against  the  elec¬ 
trical  power  industry  the  plan's  value  is 
greater  than  its  MVI  because  the  economic  impact 
of  the  loss  of  electrical  power  industry  is 
greater  than  simply  the  summation  of  individual 
p] ant  MVA’s.  This  type  of  dependence  on  attack 
size  is  treated  explicitly  in  the  IMVA  methodology. 
Halted  dependent  incistries  are  considered. 

4.  An  approximate  quantitative  approach  based  upon 
limit  functions  has  teen  developed  to  facilitate 
the  calculation  of  IMVA  as  a  function  of  attack 
characteristic  specifications  such  as  attack 
size,  total  IMVA  required  or  IMVA  per  weapon 
required.  Once  one  tf  these  specifications  is 


made,  IMVA  can  be  proportioned  across  the  indus¬ 
trial  class  to  the  industrial  installations 
according  to  capacity  or  MVA  installation  data. 

The  IMVA  methodology  considers  more  Soviet 
economic  elements  than  the  current  PRWY  methodology 
For  example,  IMVA  considers  construct  ion,  crops 
and  a  broader  treatment  of  transportat ion . 

One  approach  has  been  developed  for  implementation 
of  IMVA  into  the  SIOP  process.  This  approach 
requixts  additional  intelligence  data  and  changes 
in  the  DGZ  development  and  weapon  allocation  pro¬ 
cedures.  The  additional  intelligence  data 
includes:  (1)  MVA  and  K  (capital  stock)  data  on 

an  installation  basis,  (2)  definition  of  primary 
and  dependent  industrial  classes  and  associated 
functional  interdependencies  and,  (3)  parameters 
for  IMVA  limit  functions.  The  changes  in  DGZ 
development  and  weapon  allocation  include: 

(1)  consideration  of  attack  size  to  establish 
I  SIVA  installation  values,  (2)  an  initial  allocation 
step  to  establish  the  trades  between  IMVA,  MVA 
and  K  and  (3)  use  of  IMVA,  K,  and  MVA  data  at  the 
installation  level.  Various  allocation  approaches 
exist  for  use  of  IMVA  (e.g.  maximum  marginal 
return  per  weapon,  dynamic  programming,  etc.) 

The  preferred  overall  implementation  approach  has 
not  been  determined. 

A  potential  problem  with  IMVA  is  that  it  emphasizes 
depth  of  attack.  Although  IMVA  is  considered 
useful  in  targeting  to  achieve  a  maximum  redaction 
in  immediate  post-attack  value  and  in  constructing 
generalized  recovery  functions,  it  must  be  supple¬ 
mented  by  additional  considerations  of  issues  irr.pnr 
tant  to  the  recovery  process  for  a  true  assessment 
of  the  impact  of  economic  attacks.  The  use  of 
capital  stock,  K,  to  emphasize  prolonging  recovery 
represents  a  potential  method  to  address  this 
problem.  This  meth&u  results  in  two  figures  of 
merit  used  together:  IMVA  and  K. 

IMVA  appears  useful  considering  the  evolving 
national  guidance.  when  used  in  conjunction  with 
K,  both  short  term  recovery  and  long  term  recovery 
can  be  addressed  explicitly.  In  addition,  IMVA 
may  be  particularly  useful  lor  building  blocks  if 
various  industrial  target  classes  (e.g.  oil, 
electric  power,  etc.)  offer  the  potential  of 
becoming  building  blocks. 


9. 


IMVA  as  defined  herein  rends  to  underccunt 
the  economic  impact  of  large  levels  of 
damage  to  primary  industrial  classes  because 
of  the  coasejvative  method  used  to  define 
dependent  classes.  Dependent  classes  only 
qualify  when  they  clearly  need  the  goods  and 
services  from  the  primary  set.  Various 
secondary  effects  which  are  opt  to  occur 
especially  with  a  large  surviving  population 
remain  unmeasured  and  the  economic  impact  will 
likely  be  greater  than  predicted.  As  the 
process  of  defining  dependent  classes  and  relatea 
value  is  continued,  it  is  likely  that  the  dependent 
value  will  increase  and  the  bonus  value  will 
decrease . 

10.  IMVA  does  not  account  for  non-dependent  post 
attack  consumption.  The  IMVA  limit  functions 
developed  assume  all  residual  post  attack 
capacity  from  primary  industrial  classes  is 
allocated  to  dependent  classes  and  that  post¬ 
attack  and  pre-attack  primary  class  resource 
allocations  to  dependent  classes  are  the  same. 

11.  The  overall  significance  of  using  IMVA  with  or 
without  K  and  SIVA  applications  has  not  been 
determiner)  compared  with  the  current  methods 
based  upon  PR'wY.  However,  it  is  expected  that 
the  IMVA  methodology  will  lead  to  a  significantly 
larger  fraction  of  destroyed  or  halted  MV A  for  a 
fixed  strategic  force  than  the  current  PRWY 
methodology. 

12.  More  than  150  billion  rubles  of  1D72  MVA  out  of  a 
total  of  300  billion  rubles  can  be  destroyed  or 
halted  using  less  than  900  .8  P^  weapons.  The 
actual  amount  will  depend  on  the  amount  of  beaus 
damage  which  occurs.  Furthermore,  high  priority 
targets  based  c-n  impacted  MVA  tend  to  be  capital 
intensive  and  the  recommended  targeting  proced¬ 
ures  should  result  in  higher  overall  damage  levels 
than  will  result  using  current  procedures  even  if 
the  metric  is  some  combination  of  MVA  and  capital. 

6-2  RECOMMENDATION'S 

It  is  noonrtended  that  the  IMVA  methodology  be  given 
serious  c&nsideratioa  for  implementation  into  the  SIOP.  It  is 
recommended  that  the  intelligence  data  collection  and  processing 
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APPENDIX  A 


C APAC I  TV  FUNCTION  FOR  ELECTRIC  POWER 

(Appendix  A  is  Unclassified) 

There  is  a  trend  in  the  construction  of  electric  power 
generating  facilities  wnich  over  a  period  of  time  has  made  Soviet 
generating  capacity  relatively  available  to  a  U.S.  attach. 

Table  A-l  shows  the  natter  and  sice  of  electric  generating  plants 

1-1  - 
m  the  Soviet  Union  in  1955.  Note  that  there  were  over  107,000 

plants  in  1955  and,  although  most  of  the  capacity  was  :  r.  larger 

regional  units  (48T-),  a  large  fraction  (32*7)  was  made  up  plants 

with  less  than  25  megawatts  capacity.  Thus,  in  1955  several  thousand 

weapons  would  have  been  required  to  destroy  80-G0T  of  the  Soviet 

Union  generating  capacity  and  destruction  to  these  levels  appears 

to  be  requ'red  to  nullify  the  effectiveness  of  substitution  and 

allocation  options  to  essential  processes. 

The  cumulative  capacity  is  shown  in  Figure  A-l  as  a 

function  of  tine.  In  1975  the  total  installed  capacity  was  217,500 
16 

cegawat t  s . 

These  data  are  supplemented  by  inputs  from  the  intelli¬ 
gence  community1'  which  indicate  that  in  1770  there  were  12,500 
megawatts  of  non- 1  urb  t  re  units,  in  1975  there  were  9 , 4  DO  megawatts 
of  nonturbine  units  and  in  1980  only  8,400  megawatt-  are  expected. 
These  are  mostly  small  diesel  driven  units  of  lo.-  •.:.*»  r.  ah.  ut  one 
megawatt  capacity. 

Until  1955.  the  largest  generating  installations  in 
Russia  were  between  100  and  200  megawatts.  '  In  1955,  a  decision 
was  nade  to  build  large  units  in  excess  of  1 , uuO  megawatts  and 
during  the  period  1959  to  1965  several  2,400  megawatt  units  were 
started.  Thus,  one  could  expect  that  at  about  1961,  these  larger 
units  would  begin  to  come  on  line.  Beyond  1961,  selected  data 
from  Soviet  Geography  (see  for  example,  Ref.  15)  can  be  used  to 


Table  A- 1 .  1P55  Electric  generating  capacity. 


Capacity  Range 
_ (  KW1 

Less  than  14 
15-  50 

51-  2C0 

201-  500 

501-  1,000 

1,001-  2,500 

2,501-  5,000 

5,001-  10,000 
10,001-  2*.CCG 
2d, 001-  50,000 
50,001-100,000 
Over  100,000 


Number 

of 

S  t  a  t  ions 

Capac itv 
( MW ) 

28,585 

281 

46,356 

1,475 

26,685 

2,251 

J ,  409 

1,032 

1,128 

805 

725 

1,114 

308 

1,015 

213 

1  ,  4-i4 

164 

2,573 

75 

2,623 

72 

4,899 

85 

17,724 

Output  of  Electr 
Powe  r 

(Million  kwhr  ) 

283 
1,843 
3,204 
1,696 
1  ,833 
3,1 13 
3,635 
5,817 
11,680 
12,635 
25,925 
98,561 


TOTAL 


107,805 


37,236 


170,225 


determine  an  average  design  capacity  as  shown  in  Figure  A-2. 

The  resulting  average  capacities  are  1,200  megawatts  for  1961  to 
1965,  1,777  megawatts  for  the  next  5  years,  and  2,650  megawatts 

for  the  period  from  1970  to  1975. 

If  one  starts  with  the  9,-400  megawatts  in  non-turbine 
units  which  are  expected  to  be  less  than  25  megawatts  and  assumes 
that  the  units  25  to  100  megawatts  are  retained  and  that  new  units 
of  added  capacity  are  the  larger  units  in  each  time  period,  the 
number  of  units  in  each  capacity  range  can  be  determined  by  co... 
bining  the  capacity  data  of  Figure  A- 1  and  the  average  units  size. 
Using  this  procedure,  the  number  of  plants  can  be  estimated  as  in 
Table  A-2. 

Table  A-2.  Expected  number  of  generating 
plants  in  1975. 

Unit  Capacity  Estimated 

_ ( MW ) _  Number 

<25 

26-50  75 

51-100  72 

(208)  85+183=268 

(1200)  33 

(1777)  28 

(2650)  20 

496 

The  values  in  parentheses  are  average  values.  Thus,  the  total 
number  of  generating  units  above  25  megawatts  which  account  for 
95t  of  capacity  is  about  500. 

This  is  quite  different  than  the  situation  in  the  United 
States.  We  have  about  twice  the  capacity  but  in  more  than  2000 
facilities.  The  U.S.  system  is  spread  over  many  more  installations 
and  therefore  is  less  vulnerable  than  the  Soviet  system. 
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APPENDIX  B 


CAPACITY  FUNCTION  FOR  ROLLED  STEEL 
(Appendix  B  is  Unclassified) 

Reference  12  contains  a  listing  of  Soviet  steel  rolling 
mills  by  type  for  1970.  These  have  been  extracted  and  are  shown 
m  Table  B-l.  The  total  capacity  is  91,600,000  tons  and  the  rolled 
steel  output  in  1970  was  80,600,000  ton..  Thus  it  appears  that 
Reference  8  has  included  most  of  the  capacity  in  1970  and  that 
these  were  not  all  operated  at  full  capacity. 

As  was  indicated  in  Appendix  E  of  this  report,  some 
rolling  mills  are  dependent  upon  others.  Dills  which  process  basic 
steel  include  primary  mills,  billet  mills  and  plate  mills.  All 
other  rolling  mills  depend  on  the  output  from  these  basic  steel 
processing  facilities  and  one  needs  only  target  the  basic  mills 
to  stop  the  process.  They  are  the  first  14  listed  in  Table  B-l. 
Dependent  mills  which  are  colocated  with  basic  mills  are  attributed 
to  those  installations  (i.e.,  the  broad  strip  mills  at  Chelyabinsk) 
The  capacity  of  the  last  4  installations  is  not  colocated  with 
basic  mills  and  is  dependent;  therefore,  it  is  spread  evenly  among 
the  first  14  installations  in  the  capacity  function  used  in  the 
main  body  of  the  report. 

The  Soviet  steel  industry  is  currently  being  analyzed  as 
a  part  of  a  DNA  funded  study  of  the  recovery  period  for  several 
Soviet  industries.  As  a  result  of  this  study,  it  is  expected  that 
the  data  of  Table  B-l  will  change  in  content  and  in  number.  For 
example,  Magnitogorsk  should  currently  be  a  direct  target  rather 
than  a  depercent  target  aud  the  number  of  rolling  mill  locations 
will  significantly  increase.  One  expected  change  in  Table  B-l  is 
an  increase  in  the  number  of  installations  to  about  30  to  40. 

This  will  not  change  the  overall  conclusions  and  results  of  this 
report . 
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CAPACITY  FUNCTION  FOR  NATURAL  GAS 
(Appendix  C  is  Unclassified) 

The  natural  gas  capacity  function  which  was  developed 

1 a 

for  the  General  Electric  Company  ~  by  SAI  as  discussed  below  has 
been  used  in  this  analysis. 

NATURAL  GAS  PRODUCTION 

The  Soviet  Union  occupies  a  leading  position  in  energy 
production  as  the  owner  of  the  world's  largest  natural  gas  reserves 
In  recent  years,  exploration  in  remote  parts  of  Siberia  have  un¬ 
covered  some  of  the  richest  gas  deposits.  As  a  result,  the  govern¬ 
ment  is  spending  vast  sums  of  money  t r  develop  these  resources. 
Figure  C-l  illustrates  the  rapid  growth  in  natural  gas  production 
and  construction  of  major  gas  pipelines  that  las  taken  place  since 
1960.  Russia  is  currently  the  only  major  exporter.  During  the 
latest  5  year  plan,  they  have  increased  production  by  60  percent, 
pipeline  length  by  50  percent,  and  their  budget  for  development  by 
88  percent. 

Figure  C-2  shows  the  locations  of  the  nine  major  gas 
basins  in  Russia.  Within  these  tasins  are  about  75  gas  fields 
which  are  connected  to  over  50  major  distribution  centers  by  nearly 
100,000  kilometers  of  large  diameter  (>20  inch)  pipelines.  The 
large  Tyumen  Basin  in  West  Siberia  is  reported  to  have  larger  gas 
deposits  than  all  of  the  U.S.  reserves  combined.  The  newer  East 
Siberian  basin  near  Yakutsk  is  estimated  to  have  larger  reserves 
than  the  Tyumen  Basin. 

The  1975  production  and  consumption  of  natural  gas  by 
the  Soviet  Union  is  summarizes  in  Table  C-l.  It  is  noted  that 
despite  the  large  reserves  in  Western  and  Eastern  Siberia,  these 
major  basins  only  produced  about  11.5  percent  of  the  total  USSR 
production  (332.9  billion  cubic  meters  per  year).  As  these  basins 
come  into  full  production  during  the  next  10  years,  they  will  begin 
to  dominate  the  statistics. 
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Table  C- 1  also  shows  that  Russia  imports  some  natural 
gas  (about  -4.3  percent)  along  its  western  borders  to  cut  down  the 
costs  of  transmission;  hj«ever.  exports  at  *3.9  percent  exceed  the 
imports.  The  largest  user  of  natural  gas  is  the  electric  power 
industry  (26  percent).  The  metallurgy  industry  (aluminum,  copper 
zinc,  etc.)  is  the  second  largest  user  at  23.5  percent  followed  by 
heating  for  households  and  municipal  buildings  (10.9  percent)  and 
machinery /meta 1  working  (10.3  percent).  It  is  probable  that  a  major 
cutback  in  natural  gas  supplies,  due  to  destruction  of  product .on 
capacity,  could  be  accommodated  by  a  shift  to  other  fields  (coal  or 
oil)  for  electric  power  production  and/or  a  reduction  in  heating. 

GAS  FIELDS,  PROCESSING  PLANTS  AND  COMPRESSOR  STATIONS 

It  is  important  to  understand  the  character ist ics  of  the 
various  elements  of  the  Soviet  natural  gas  production,  transmission, 
and  distribution  system  in  order  to  identity  critical  candidate 
targets.  This  section  describes  the  characteristics  of  the  wells, 
gas  fields,  processing  plants  and  compressor  stations. 

Natural  gas  in  Russia  is  generally  found  by  drilling  deep 
wells  (3000  to  5000  feet)  into  natural  deposits  trapped  in  porous 

rock  below  a  solid  can  **cck  geologic  structure  as  illustrated  in 

°0 

Figure  22.“  These  deposits  are  often  associated  with  petroleum 
(oil)  fields  but  are  also  found  as  gas  only.  Typically,  the  gas 
comes  from  the  wells  as  a  mixture  with  different  percentages  of 
hydrocarbons ,  rare  gases  (helium,  etc.)  and  unwanted  water  vapor 
plus  hydrogen  sulfide.  Figure  C-3  shows  two  typical  distributions 
for  sweet  and  sour  gas  which  are  distinguished  bv  their  percent  of 
sulfur  content. 

As  the  gas  comes  out  of  the  ground  under  various  pressures, 
it  is  fairly  corrosive  due  to  the  water  vapor  and  sulfides. 

Therefore,  it  is  immediately  transmitted  a  short  distance  (less  than 
a  Mile  or  so)  through  gathering  lines  to  a  nearby  extraction  pro¬ 
cessing  plant.  This  plant  does  two  things:  it  removes  the  unwanted 
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dust,  wat^r  vapor,  sulfur,  and  other  chemicals  by  cleaning  ar.d  it 
removes  high  value  gases  such  as  helium  by  separation  (gravity  or 
centrifugal).  Liquid  hydrocarbons  art-  trapped  by  bubbling  tie  gas 
through  oil.  these  are  later  used  to  make  gasoline.  Carbon  dioxide 
and  hydrogen  sulfide  are  acidic  gases  and  are  absorbed  by  bubbling 
through  aqueous  aonothonolamine .  Water  vapor  is  removed  by- 
absorption  in  ethylene  glycol  or  desiccant  beds  of  calcium  chloride. 
Most  natural  gas  is  then  distilled  at  very  low  temperature  to  remove 
the  valuable  components  like  hell  -m,  propane,  and  ethane  and  propane) 
with  a  specific  gravity  of  about  0.6  is  ready  for  transmission. 
However,  the  mixture  is  colorless  and  odorless;  therefore,  ctreaptans 
are  added  as  a  safety  precaution  at  the  load  end  to  give  it  an  odor. 

To  improve  transmission  efficiency  through  the  pipelines, 
the  gas  is  generally  put  through  a  compressor  station  located  near 
the  processing  plants.  The  pressure  is  increased  to  about  970  to 
1125  psi.  This  step  requires  some  care  since  hydrocarbons  and  #itcr 
vapor  at  high  pressures  and  low  temperatures  from  hydrates  which, 
like  snow  crystals,  tend  to  plug  valves  and  pipelines.  Note  that 
hydrates  form  at  pressures  of  2000  psi  and  temperatures  of  15.6°C 
which  are  not  far  from  the  conditions  experienced  in  northern  regions 
of  Russia  even  during  summer  months. 

The  locations  and  estimated  1975  production  capacities 
of  75  gas  fields  representing  nearly  the  total  Soviet  production 
have  been  incorporated  in  the  Soviet  target  data  base.  Two  typical 
large  Soviet  gas  fields  are  shown  in  Figure  C-4  .  One  at  Shebelicka 
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above  the  Black  Sea  and  the  other  at  Gazli  in  West  Turkemema." 

Both  of  these  fields  produce  on  the  order  of  30  billion  cubic  meters 

of  gas  per  year.  It  is  noted  that  these  fields  cover  about  15  square 

miles  of  area.  Figure  C-5  provides  an  organizatonal  flow  cr.art  for 
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the  field  at  Shebelinka.  It  shows  about  400  wells  feeding  through 
gathering  lines  to  26  group  collection  stations.  Each  group  col¬ 
lection  station  contains  two  collection  puints  serviced  by  four 
separator  towers.  Each  separator  tower  handles  1  to  4  wells  or  about 
15  wells  per  collection  point  and  30  wells  per  group  collection 
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station.  A  typical  layout  of  one  of  these  group  collection  stations 

is  shown  in  Figure  C-5  based  on  photographs  of  the  Shebelinka  and 
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Gazli  fields  provided  in  Figure  C-6. 

The  gas  separator  tanks  are  tall,  steel  shell,  pressure 
vessels  which  must  be  insulated  to  prevent  formation  of  hydi ates 
during  operation.  Two  types  of  separator  design  (gravity  and 
cyclone  cr  centrifugal  )  are  commonly  in  operation  throughout  the 
country.  Typically,  these  units  are  12  to  13  meters  tall,  3  meters 
in  diameter  and  have  steel  shells  3  to  5  centimeters  thick.  They 
sit  on  prepared  concrete  pads  which  are  poured  around  the  necessary 
pi  imbmg  and  valve  systems.  Their  most  critical  failure  mode  is 
considered  to  be  blown-down  or  over-turning  rather  than  collapse  or 
splitting  of  the  pressure  shell.  Consequently,  their  estimated 
hardness  to  equivalent  blast  overpressure  is  in  the  range  of  15  to 
20  psi. 

It  is  useful  to  estimate  the  numbers  of  natural  gas  pro¬ 
cessing  plants  and  compressor  stations  in  Russia  since  they  represent 
candidate  targets.  la  the  case  of  processing  plants,  there  is  at 
least  one  at  each  gas  field  and  an  additional  plant  for  each  2 
billion  cubic  meters  of  annual  capacity  (based  on  shebelinka  and 
Gazli  examples).  Therefore,  using  the  75  fields  in  the  data  base 
and  the  capacities  of  production  at  each  field,  it  is  estimated  that 
there  are  nearly  200  processing  plants  in  Russia.*  Turning  to  the 
compressor  stations,  each  field  generally  has  one  station  and  larger 
fields  have  two  (e.g.,  one  for  each  16  billion  cubic  meters  of 
annual  capacity).  Therefore,  there  are  about  80  compressor  stations 
at  the  gas  fields.  However,  due  to  the  drop  in  pressure  which  takes 
"lace  as  the  gas  moves  through  the  pipelines,  there  are  generally 
additional  compressor  stations  about  every  150  miles  of  major  pipe¬ 
line.  In  1975,  there  were  56,000  miles  of  major  pipelines  in  Russia 
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which  indicates  approximately  365  additional  compressor  stations. 
Consequently  there  were  about  (80  +  375  =  455  total)  compressor 
stations  in  Russia.  A  typical  compressor  station  is  shown  in  Figure  C-7 . 

f  u  ^  * 

v  ’  Evidence  accumulated  since  this  analysis  was  computed  indicate 
that  more  modern  processing  stations  are  much  larger  and  if  this 
is  a  general  trend,  the  total  number  of  processing  plants  is 
probably  less  than  200. 
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Based  on  the  above  discussion,  it  is  clear  that  there 
are  more  than  twice  as  cany  compressor  stations  as  there  are  pro¬ 
cessing  plants.  Furthermore,  the  critical  elements  at  the  com¬ 
pressor  stations  (e.g.,  gas  turbines)  are  harder  to  destroy  than  the 
processing  plants.  Finally,  the  Russians  have  been  known  to  run 
some  of  their  pipelines  using  the  gas  pressure  from  the  ground  without 
the  use  of  compressor  stations  (this  is  not  efficient  but  it  does 
permit  gas  flow  at  reduced  pressures).  Hence,  the  processing  plants 
appear  to  be  more  attractive  targets  than  the  compressor  stations. 

PIPELINES 

The  major  natural  gas  pipelines  represent  a  potentially 
interesting  target  class  in  that  they  are  relatively  soft  and  can  be 
used  to  cut  the  flow  of  gas  to  large  areas.  As  indicated  in 
Figure  C-l,  the  Russians  are  building  major  gas  pipelines  at  a 
phenomenal  rate.  The  latest  5-year  plan  has  allocated  3.9  billion 
rubles  to  build  33,000  kilometers  (20,625  miles)  of  gas  pipeline 
(11,200  km  was  the  goal  for  1973  alone).  In  fact,  the  building  of 
gas  lines  has  been  given  priority  over  construction  of  oil 
popelines.19 

The  construction  of  pipelines  in  Russia  has  also  exper¬ 
ienced  a  dramatic  change  in  pipe  diameter.  At  the  end  of  World 
War  II,  the  maximum  pipe  diameters  in  use  were  about  15  inches.  In 
1954,  28-inch  diameter  pipe  was  introduced,  by  1959,  40-inch,  by 

1968,  48-irch,  by  1971,  56-inch  and  currently;  plans  are  being  made 
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to  use  100-inch  pipe  in  1980.  In  this  respect,  it  is  interesting 
to  note  that  the  NATO  countries  refused  to  sell  Russia  pipe  greater 
than  19  inches  in  diameter  in  1966  since  it  was  considered  a 
strategic  material.  As  a  result,  the  Soviet  State  Institute  for 
Pipeline  Design  and  Special  Construction,  Leningrad,  began  designing 
48-inch  diameter  pipe  which  was  put  into  mass  production  in  a  special 
mill  at  Chelyabinsk.  Today  the  Soviets  manufacture  56-inch  diameter 
pipe  while  the  L'.S.  buys  most  of  its  largest  pipe  from  Japan  (e.g., 
Alaskan  pipeline).  A  new  U.S.  plant  to  manufacture  48-inch  pipe 
has  just  started  in  early  1976  in  Los  Angelos. 


2  6 

The  CIA  had  made  a  survey  of  smaller  diameter  pipeline 
systems  in  the  USSR  in  19C5.  In  addition,  SAI  reviewed  approx¬ 
imately  85  magazines,  books,  translations  and  newspaper  (Pravda) 
articles  dealing  with  the  construction  of  more  recent  large 
diameter  gas  pipelines  in  order  to  summarize  current  Soviet  capa¬ 
bilities.  Table  C-2  provides  the  results.  Although  it  is  not 
considered  an  exhaustive  listing  of  all  the  new  major  pipelines,  it 
covers  over  24,000  miles  and  provides  sufficient  data, for  analysis. 

Using  the  data  of  Table  C-2,  it  is  possible  to  plot  the 
miles  of  installed  pipeline  as  a  function  of  years  required  to  com¬ 
plete  the  project.  These  results  are  shown  in  the  upper  left  of 
Figure  C-8  and  are  labeled  Soviet  experience.  Superimposed  is  a 
curve  of  400  miles  per  year  which  represents  the  average  rate  used 
in  Soviet  planning.  Note  that  the  longer  pipelines  appear  to  be 
completed  sooner  than  expected  while  short  lines  (<500  miles)  seem 
to  take  longer.  Based  on  comments  in  various  sources,  it  appears 
that  the  Soviets  can  repair  or  replace  about  a  mile  of  pipe  per  day 
depending  on  the  terrain,  weather  conditions  and  availability  of 
materials.  This  suggests  that  even  multiple  breaks  in  the  major 
pipelines  can  probably  be  repaired  in  about  a  week. 

The  carves  on  the  right  of  Figure  C-8  show  that  Soviet 
theory  concerning  pipeline  capacity  and  their  experience  with 
modern  pipe  operations  tend  to  be  in  excellent  agreement.  Clearly, 
economics  favor  the  use  of  larger  diameter  pipelines.  About  25 
percent  of  the  cost  of  natural  gas  production  is  involved  in  pur¬ 
chase,  maintenance,  and  operation  of  the  pipelines.  Figure  C-8 
shows  that  these  costs  are  significantly  reduced  per  cubic  meter  of 
gas  delivered  when  pipes  having  diameters  greater  than  40  inches 
are  used.  In  terms  of  U.S.  money,  it  costs  the  Russians  about  0.01 
cent  to  move  1000  cubic  feet  (28.2  cubic  meter)  of  gas  a  distance 
of  1  mile. 
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Figure  C-9  illustrates  the  three  primary  methods  of  pipe 
laying  used  by  the  Russians.  Methods  "a"  and  "b"  provide  fairly 
hard  installations  and  would  be  more  appropriate  for  cratering 
attacks.  On  the  other  hand,  method  "c"  results  in  exposed  pipe 
which  is  sensitive  to  dynamic  pressure  loading.  Pipelines  built 
in  the  manner  of  method  ”c"  can  probably  be  destroyed  by  the  equiva¬ 
lent  of  20  psi  blast  overpressure. 

In  summary,  although  pipelines  cay  represent  vulnerable 
targets  capable  of  being  destroyed  by  low  yield  weapons,  they  can 
be  repaired  or  bypassed  in  a  matter  of  days.  This  rapid  repair/ 
replacement  was  experienced  during  the  U.S.  bombing  of  pipelines 
along  the  Ho  Chi  Minh  trail  in  Vietnam  where  the  enemy  restored 
flow  capacity  overnight.  Hence,  the  pipelines  are  not  considered 
attractive  strategic  targets. 

NATURAL  GAS  STORAGE 

The  overall  consumption  of  natural  gas  in  Russia  exper¬ 
iences  a  factor  of  three  fluctuation  during  the  year  as  indicated 
in  Figure  C-10.  Although  the  industrial  uses  remain  fairly  constant 
gas  for  heating  and  boiler  fuel  undergoes  a  major  increase  during 
winter  months.  Therefore,  stockpiling  and  storage  of  gas  during 
summci  months  becomes  a  necessity. 

The  various  storage  methods  for  natural  gas  are  presented 

on  the  right  of  Figure  C-10.  In  the  past,  most  storage  was  done 

in  large  volume,  above  ground  tanks.  These  generally  have  very 

limited  capacity.  Liquefaction  of  the  gas  greatly  reduces  the 

large  storage  volume  requirements  but  introduces  the  necessity  of 

high  pressure,  low  temperature  operation  which  is  costly.  It  is 

,  reported  that  Russia  had  23  liquefaction  plants  by  1965  and  a  new 

27 

plant  was  under  construction  near  Moscow  in  1969.  These  plants 
would  make  good  candidate  targets  frr  attacks  aimed  at  destroying 
stored  natural  gas;  however,  they  have  only  small  capacity.  On 

occasions  the  Soviets  have  increased  the  pressure  on  their  pipeline 
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systems  by  about  10  percent  as  a  means  fo.  ranly  storing  more 

gas.  Tins  technique  also  has  limited  capacity  nd  is  c  astrained 
by  the  formation  of  hydrates. 

The  largest  capacity  method  for  storing  natural  gas  is 
to  pump  it  into  underground  reservoirs.  The  reservoirs  are  gen¬ 
erally  depleted  gas  fields,  old  mines,  or  man-made  caverns  which 
have  suitable  geologic  characteristics.  As  a  result  of  a  near 
disasterous  winter  in  1968-69.  top  priority  has  been  given  to 
expanding  underground  gas  storage.  In  the  five-year  plan  (1966- 
1970)  about  6.5  billion  cubic  meters  of  active  gas  storage  in 
aquifers  and  2.5  billion  cubic  meters  in  depleted  fields  (9  billion 
total)  were  developed  as  indicated  in  Table  C-3.  It  should  be 
noted  that  the  total  storage  indicated  in  Table  C-3  only  satisfied 
about  80  percent  of  the  annual  fluctuation  in  demand  by  these 
regions  in  1970.  Furthermore,  in  aquifer  storage  only  about  half 
the  capacity  created  can  be  used  as  active  reserve  (50  percent 
remains  in  buffer);  hence,  these  storage  sites  must  be  capable  of 
an  overall  capacity  of  13  billion  cubic  meters. 

In  1965,  there  were  19  underground  gas  reservoirs  in 
Russia  with  a  capacity  of  3.8  billion  cubic  meters.  3y  1979,  it 
is  estimated  that  there  were  about  31  reservoirs  with  a  total 
capacity  of  roughly  17  billion  cubic  meters.  liiic  storage  capa¬ 
city  represents  only  about  5  perc?r.t  of  the  annual  production.  A 
few  of  the  major  underground  storage  sites  are  described  below. 

Kaluga:  This  aquifer  storage  facility  is  located  110  miles 

southwest  of  Moscow.  It  was  started  in  1954  and 
became  operational  in  1963.  It  covers  an  area 
1.25  miles  by  8.75  miles  in  a  faulted  anticline, 
sandstone  geology  at  a  depth  of  780  to  960  meters. 

The  caprock  is  clay  and  the  deposit  operates  at  a 
pressure  of  80  atmospheres.  Its  capacity  is  400 
million  cubic  meters. 

• 

^T^*In  November  1969,  the  USSR  announced  that  they  had  successfully- 
exploded  an  underground  nuclear  device  to  create  a  cavity  for 
oil  storage  in  a  salt  layer.  This  concept  may  uenefit  gas 
storage  in  the  future. 


Table  C-3.  Added  underground  gas  storage  in  1966-70 
(billions  ol  cubic  meters). 


Reqions  &  Cities 


Moscow  Center  fc  Asia  Center 
Pipeline  Route 

I vanovo-Vlad  im  ir  Pipeline 

Baltics 

Beloruss ia 

Leningrad 

Urals 

Kiev  Industrial  Center 

Odessa 

Tashkent 

Tbil  i  si 

Yerevan 


In  Water- 
Bearino  Strata 


In  Oepeleted 
Deposits 


TOTALS 


a.  1’imIvi  guiuml  tnsl  illjCoit.  Pipe  15  I  ml  in  lui^  fjcji  of  \  n>ii;£  ihpfli.  W  dt 

2.i  n.«  Ui  s  in  •iiaiitclcl  tin.  *U  |fl.  of  lh«-  111  ...  Ii  mu  *1  In  imi  r>  ^  «*£ 

U»v  tfcltJlli  mint  b».  jl»t/»tl  3.1*  (•H.lcrv  AfUl  ll. I  \  ijn.-  has  kill  l.i.J  (ho  »- 

liili'd. 


b.  |iiSl.i!l.iliuit  tin  t  lit-*  sUlficC.  Tl»t*  |i»|K  I  in*  ••«»  S|m  ci.il  I  too  m  .iml  it  a 

wilh  %  .1 1  lit.  In  i‘i  i  (.« in  i  us  (am  <  ^  (lit'  t'.i  i  (lit  n  «  i-»  •'  i  is  mil  1 1  i|ui  i «  <1. 


c.  Almvt - j;i oumf  Installation.  The  l»|>c  is  i.ii.1  on  ri  ml  tlcJ  vor.cicic 
The  htrij.lil  of  (lit1  sinjijm 1 1  may  vary.  d<  |*  mlm|;  ujnm  the  ulicf  lb* 
from  several  lens  of  centimeter*  to  J.5  (.»  U  nMers. 


Note:  The  approach  depic  ted  In  (c)  of  supporting  pipelines  in  the  p<  rinafiosl  apparent: 
is  llie  icsuli  of  Hie  success  of  this  type  of  construction  ii.md  in  supporting  :«p  :»ii:i-_c 
and  office  buildings  in  the  permafrost  area  near  Yakutsk  in  I.usleru  fiiin  iia.  t.l.cie  ate 
concrete  pillars  were  draped  with  hoses  and  Jets  of  slcaiii  me  lied  the  fio.e 

soil  arciuml  them,  allow^-g  mem  to  sink  into  the  frozen  perm afrosi  .<u  a.  flu-  ju- 
was  perndUod  to  .e-heuze  after  the  pillar  had  reached  l he*  desired  depth. 


Figure  C-9.  Means  for  layout  gas  pipelines. 
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Figure  C-10.  Seasonal  demand  variations  and  storuKO  problems. 


Shehelkovo : 


This  second  facility  also  serves  the  Moscow 
region.  It  is  an  aquifer  formation  holding 
about  1.4  million  cubic  meters  as  01  1967. 

The  cost  for  injecting  gas  is  0.61  rubles  and 
for  removal  is  0.92  rubles  per  1000  cubic 
meters. 

Gatchina:  This  facility  is  located  38  miles  southwest 

of  Leningrad  and  has  a  capacity  of  250 
million  cubic  meters  (active)  and  350  million 
cubic  meters  (buffer).  Recent  expansion  (1969) 
has  increased  total  capacity  to  1.2  billion 
cubic  meters.  The  geology  is  a  monocline, 
sandstone  at  about  400  meters  depth  and  8  meters 
thick.  The  caprock  is  a  plastic  shale  7  to  8 
meters  thick. 

Kolphno:  A  second  facility  near  Leningrad  has  a  capacity 

of  200  million  cubic  meters.  A  third  is  planned 
at  Novgorod. 

Olishevka:  This  facility  serves  the  Kiev  area.  The  storage 

formation  is  40  meters  thick  at  a  depth  of  500 
meters.  It  is  also  sandstone  under  a  plastic 
clay  caprock  20  meters  thick.  The  facility  cov¬ 
ers  at.  area  of  18  square  kilometers.  Its  total 
capaci*  y  360  million  cubic  meters  of  which 
about  50  percent  is  active  storage. 

Poltoratsk:  This  aquifer  facility  is  located  close  to  Tashkent. 

Its  formation  is  20  to  40  meters  thick  sandstone 
capped  by  60  to  80  meters  of  clay  at  a  depth  of 
500  meters.  Storage  pressure  is  63  atmospheres 
and  the  daily  capacity  is  estimated  at  1  to  4 
million  cubic  meters. 

The  above  examples  indicate  that  destruction  of  the 
underground  storage  sites  would  be  a  very  difficult  problem  due  to 
the  depth  and  geologic  structure.  Furthermore,  since  the  combined 
capacity  of  these  storage  sites  is  small,  they  do  not  represent  high 
value  targets.  Finally  the  Soviets  response  to  loss  of  stored 
capacity  has  been  to  cut  off  heating  supplies  which  they  did  during 
the  winters  of  1958  and  1968.  Table  C-l  and  Figure  C-10  indicate 
that  if  this  procedure  were  used  (no  gas  for  heating),  over  11  per¬ 
cent  of  the  total  gas  production  capacity  could  be  saved  without 
hurting  production  of  other  commodities. 
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Based  on  the  preceeding  discussion  it  appears  that 
the  most  critical  element.'  of  natural  gas  production  are  at  the 
processing  plants  associated  with  the  gas  fields.  In  general,  one 
weapon  will  destroy  the  plant  provided  the  accuracy  is  sufficient 
for  the  yield  in  question.  Figure  C-ll  provides  the  percent  of 
total  Soviet  natural  gas  capacity  destroyed  as  a  function  of  the 
number  of  gas  fields  and  processing  plants  that  must  be  attacked. 

A  typical  natural  gas  compressor  station  is  much 
harder  than  a  collection  station  and  since  there  are  about  455 
compressor  stations  the  weapon  requirements  are  most  severe  for 
destroying  compressor  stations  than  for  processing  plants,  it  would 
require  about  twice  as  many  weapons  to  draw  down  gas  production  by 
destroying  compressors  as  with  attacks  on  processing  plants. 
Furthermore,  results  would  not  be  assured  because  many  pipelines 
can  be  operated  at  reduced  efficiency  without  compressor  stations. 

Attacks  on  the  gas  pipeline  systems  would  have  a 
more  immediate  effect  on  other  industries  but  the  pipelines  can 
probably  be  repaired  in  a  matter  of  days.  Attacks  on  gas  storage 
capacity  do  not  appear  productive  with  the  exception  of  destruction 
of  the  liquefaction  plants.  Finally,  it  does  not  appear  attractive 
to  attack  the  underground  storage  since  the  weapon  requirements 
(deeo  earth  penetration)  are  severe,  there  is  no  guarantee  that  the 
gas  could  be  destroyed  at  depth,  and  these  facilities  only  represent 
about  5  percent  of  Soviet  capacity. 


APPENDIX  D 


CAPACITY  FUNCTION  FOR  COAL 
(Appendix  D  is  Unclassified) 

So  far  as  is  known ,  there  has  been  only  one  attempt 

to  analyze  the  weapon  requirements  to  destroy  coal  as  a  basic  Soviet 

energy  and  this  was  also  a  part  of  the  recovery  denial  work  carried 

1 8 

out  by  SAI  for  the  General  Electric  Company.  The  basic  approach 
was  to  isolate  the  coal  fields  by  destroying  the  railroad  bridges, 
tunnels  and  other  key  point  surrounding  each  field.  The  primary 
fields  were  located  and  map  exercises  were  carried  out  to  determine 
the  number  of  bridges  and  other  bottleneck  points  which  would  have 
to  be  destroyed.  Finally  the  capacity  of  each  field  in  thousands 
of  tons  was  assigned  uniformly  to  the  surrounding  bottleneck  points 
to  provide  the  capacity  data  of  Table  D-l. 


Table  D-l.  Coal  capacity  function. 
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As  with  electric  power,  these  installations  were  divided 
into  sets  as  indicated  by  the  bars  and  each  set  was  represented  by 
its  average  capacity. 

Although  bridge  destruction  will  surely  stop  the  flow  of 
coal  temporarily,  there  is  considerable  question  about  how  long 
it  would  last.  Additional  analysis  will  be  required  to  provide 
such  estimates.  Even  if  bridge  piers  and  abutments  are  destroyed, 
temporary  structures  may  be  substituted  and  shipments  may  continue 
For  these  reasons,  coal  was  not  considered  a  primary  class  in  the 
body  of  this  report. 


page  intentionally  left  blank. 
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THRESHOLDS  OF  IMPACT 
(Appendix  E  is  Unclassified) 

IMPACT  OF  LOSS  OF  ELZCT3IC  POWER 

In  Appendix  A.  it  is  shown  that  the  targetable  data  base 
of  electric  generating  installations  extends  down  to  25  megawatts 
and  includes  over  95T  of  the  total  Soviet  Union  generating  capa¬ 
city.  The  removal  of  all  of  these  units  would  shut  down  the  high 
voltage  system  in  the  Soviet  Union  and  leave,  at  best,  single  units 
of  less  than  25  megawatts,  some  of  which  might  be  portable.  On 
the  other  hand,  weapon  constraints  will  likely  dictate  that  smaller 
plants  not  be  targeted  and  some  higher  limit  may  be  of  more  interest 
How  would  the  removal  of  units  above  20  to  50  m 'gawatts  capacity 
affect  various  Soviet  industries?  One  way  to  answer  this  question 

is  to  determine  the  majcr  purchases  of  electric  power  based  on  data 

2 

from  input-output  tables  and  for  each  of  these  to  look  for  funda¬ 
mental  electricity  requirements.  Economic  sectors  from  the  1972 
input-output  table  are  listed  in  order  of  purchase  of  electric 
power  and  percent  of  total  industrial  purchases  in  Figure  E-l.  The 
cumulative  percent  as  a  function  of  number  of  sectors  is  also 
shown.  The  first  ten  sectors  purchased  60^  of  the  electric  power 
and  these  are  the  ones  which  are  considered  first.  In  particular, 
metallurgy  and  oil  refineries  will  be  important  in  the  development 
of  impacted  MVA  for  electric  power. 

Electric  power  requirements  for  major  elements  of  metal¬ 
lurgy  and  for  oil  have  been  determined  for  a  20  megawatt  threshold 
as  shown  in  Table  E-l.  For  example,  iron  and  steel  production 

28 

require  50  kilowatt  hours  per  ton  of  output  as  a  direct  input. 

Thus  plants  producing  in  excess  of  1,720,000  tons  pr  year  would 
require  input  power  in  excess  of  20  megawatts  from  the  power  dis¬ 
tribution  systems  and  those  producing  in  excess  of  4,300,000  tons 


per  year  would  require  in  excess  of  50  MW.*  For  this  analysis, 
these  plants  are  assumed  to  be  limited  to  annual  production  pro¬ 
portional  to  surviving  levels  of  power  production  in  the  sense  of 
limit  functions  as  defined  in  Section  4.  In  the  case  of  high  alloy 
steel  and  non-ferrous  metals,  the  production  thresholds  are  much 

lower  since  these  metals  are  produced  in  electric  furnaces  or 

29  30 

otherwise  are  heavy  users  of  electricity.  ’  The  direct  elec¬ 
tricity  requirements  of  5  kilowatt  hours  per  barrel  for  oil  refin- 

3 1 

ing  is  based  on  U.S.  experience  which  generally  does  not  conduct 
de-salting  operations  at  the  refineries.  The  Soviets  generally 
conduct  de-salting  operations  requiring  large  amounts  of  electricity 
at  the  refineries  and  their  crude  oil  requires  more  of  these 
activities,  therefore  5  kilowatt  hours  per  barrel  is  considered  a 
lower  limit  in  power  requirements.  The  impact  thresholds  of  table  E-l 
would  be  higher  and  the  percentages  cf  capacity  would  be  lower  if 
50  megawatts  was  considered  rather  than  20. 

Steel  rolling  mills  are  a  special  case  and  a  more  in 

depth  analysis  has  teen  carried  out  for  them.  Steel  rolling  mills 

in  the  Soviet  Union  are  listed  in  Table  E-2  by  type  along  with  the 

12 

average  main  drive  power  ratings  in  megawatts.  These  plants 

either  have  two  high  power  main  motors  each  driving  a  separate 

roller  or  on  the  order  of  a  dozen  motors  of  2  to  3  megawatts  which 

must  all  operate  for  designed  plant  capacities.  An  example  of  the 

first  type  is  shown  in  Figure  E-2.  This  is  a  cross  section  of  the 

12 

main  wording  stand  cf  a  blooming  mill  located  at  Novo-Lipetsk . 

The  two  large  D.C.  motors  are  of  particular  interest  since  they 
are  rated  at  a  total  of  13.6  megawatts.  There  are  also  two  smaller 
motors  of  about  2  negawctts  each  which  apply  pressure  to  the  top 

(0  )* 

Given  a  maximum  power  generating  capacity  of  20  MW,  the  total 
energy  produced  per  year  by  the  largest  surviving  unit  is  20,000 
x  6760  x  .5  -  67.6  10®  kw  hr  (assuming  an  historic  average  of  .5 
for  utilization  of  power  plants).  At  50  kw  hr  per  ton  of  ste»i  , 
this  implies  that  all  steel  plants  with  a  capacity  of  more  than 
1.72  x  10°  tons  per  year  would  be  shut  down  or  would  at  least 
be  limited  to  production  at  this  level.  More  than  71%  of  the 
’  steel  plants  exceed  this  capacity. 


purchasers  of  electric 
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roller.  If  one  considers  the  ratings  of  the  two  -am  motors,  the 
fact  that  they  are  direct  current  devices  and  therefore  involve 
conversion  efficiencies  from  alternating  current  supplies  and  that 
the  plant  will  require  power  for  additional  motors  and  control 
functions,  it  becomes  clear  that  power  inputs  in  excess  of  20 
megawatts  will  be  required  for  the  plant  to  operate. 

The  second  kind  of  mill  is  shown  in  Figure  E-3.  This  is 
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a  plan  view  of  a  continuous  billet  rill  located  at  Knvoi  Rog. 

There  are  16  individual  electric  motors  each  driving  a  separate  set 
of  rollers.  A  belt  of  steel  continuously  moves  through  the  plant  at 
a  rate  of  about  7  meters  per  second.  All  motors  rust  be  working 
for  the  plant  to  provide  the  designed  output.  The  total  power  of 
all  of  the  drive  motors  is  30.4  megawatts.  It  is  unlikely  that  such 
a  plant  could  function  if  power  supplies  in  excess  of  20  megawatts 
capacity  were  removed.  At  the  50  megawatt  level,  many  of  these 
plants  could  operate  individually  but  the  complexes  within  which 
they  are  located  would  have  problems.  This  point  will  be  discussed 
further  subsequently. 

The  steel  rolling  mill  process  is  shown  in  Figure  E-4 . 

The  inputs  to  the  process  (shown  on  the  left  of  the  figure)  include 
molten  processed  steel  for  the  billet  to  produce  slabs,  blooms  and 
rounds.  The  product  flow  is  then  to  plate  mills,  hot  rolling 
broad-strip  mills  and  heavy  section  mills  through  the  indicated 
intermediate  mills  and  out  the  right  hand  side  as  rolled  steel 
products  including  such  items  as  turbine  blades,  axles,  bearing 
blanks,  transformer  steel  and  reinforcing  rods. 

Also  shown  in  the  figure  are  the  average  power  require¬ 
ments  for  the  various  mills.  There  is  a  high  probability  that  the 
entire  flow  of  rolled  steel  products  will  be  shut  down  by  the 
removal  of  generating  units  above  20  megawatts. 

As  n  final  point  in  regard  to  steel  rolling  mill  power 
requirements,  they  are  shown  by  location  in  Table  E-3  along  with 


Stool  rolling  mill  process. 


the  sum  of  their  drive  capacities  in  megawatts.  There  are  large 
complexes  of  steel  rolling  mills  requiring  on  the  order  of  100 
megawatts  of  main  drive  power  at  most  locations.  Thus,  it  is  likely 
that  these  complexes  draw  power  from  the  high  voltage  distribution 
system  or  that  they  are  co-located  with  a  large  generating  station 
which  supplies  their  power  requirements  and  provides  any  remaining 
capacity  to  the  distribution  system.  All  such  large  installations 
are  assumed  to  be  included  in  the  power  generation  installations 
which  will  be  attacked  and  complexes  of  rolling  mills  would  be 
effected  even  at  the  50  megawatt  threshold  especially  if  the  dis¬ 
tribution  system  is  not  operable. 

Given  the  loss  of  steel  rolling  mill  products,  what 

industrial  sectors  will  be  impacted?  Table  E-4  provides  such  an 
os 

estimate."  We  will  assume  that  those  sectors  which  manufacture 
the  listed  products  (MSiE)  cannot  continue  to  operate  without  rolled 
steel  on  high  alloy  steel  products  and  thus  are  dependent  on  electric 
power.  A  detailed  analysis  of  each  of  the  elements  making  up  the 
M&E  sector  is  warranted  and  although,  the  bulk  of  them  are  expected 
to  be  totally  dependent  on  rolled  steel  products,  it  is  possible 
the  substitution  v.ast  and  machined  parts  can  circumvent  the  rolled 
ste^l  i equirements  with  some  elements.  Under  the  above  assumptions, 
the  impacted  MVA  for  electric  power  potentially  includes  the  sum  of 
self  MVA  (5.8  billion  rubles,  oil  MVA  (6.7  million  rubles,  steel 
production  and  ferrous  alloys  MVA  of  metallurgy  (6.0  billion 
rubles),  ”u£  MVA  (38.0  billion  rubles)  construction  MVA  (34.6 
billion  rubles),  and  the  additional  dependent  value  identified  in 
the  main  body  of  the  report.  However,  it  should  be  noted  that  when 
interactions  are  considered  many  of  these  dependent  classes  will  be 
directly  targeted  or  will  be  assigned  to  other  primary  classes. 


E-ll 


Table  £-4.  Impact  of  loss  of  rolled  steel  products. 


PRODUCT 

MAIN  LINE  ELECTRIC  LOCOMOTIVES 

MAIN  LINE  DIESEL  LOCOMOTIVES 

MAIN  LINE  PASSENGER  CARS 

OIL  BORING  &  ORILLING  INSTALLATIONS 

MAIN  LINE  FREIGHT  CARS 

EXCAVATORS 

COAL  COMBINES 

TROLLEY  BUSES 

STEAM  BOILERS 

AUTOMOBILE  LOAOERS 

GRAIN  COMBINES 

SCRAPERS 

FORGING  MACHINES  &  PRESSES 

AUTO  BUSES 

TRACTORS 

MOTOR  TRUCXS 

POWER  TRANSFORMERS 

BULLDOZERS 

COMPRESSORS 

STEEL  PIPE  OF  ALL  KINDS 

WIRE  NAILS 

WIRE.  COMMON 

STEEL  ROPE  &  WIRE 

PASSENGER  AUTOMOBILES 

CEMENT  INDUSTRY  MACHINERY 

OIL  WELL  INSTALLATIONS  &  EQUIPMENT 

OIESEL  ENGINES 

METAL  CUTTING  MACHINE  TOOLS 

METAL  CUTTING  TOOLS 

BEARINGS.  BALL  &  ROLLER.  NEW 

ELECTRIC  APPARATUS.  HIGH  &  LOW  VOLTAGE 

GRINDING  &  PULVERIZING  EQUIPMENT 

BLAST  FURNACE  &  STEEL  MILL  EQUIPMENT 

LOOMS 

WOODWORKING  MACHINE  TOOLS 
REFRIGERATING  INSTALLATIONS 
AUTOMATION  MEANS  4  EQUIPMENT 


AMOUNTS  REQUIRED 


166.S 

torts/ unit 

122.5 

tons/ unit 

46.3 

tons/unit 

86-2 

tom/ at 

20.5 

tom/ unit 

16.4 

ton*/ unit 

9.6 

ton*/ unit 

7.6 

ton*/ unit 

9.8 

tom/ton  of  staam/hr 

5.9 

com/ptaca 

6.3 

• 

tonvpMca 

9.4 

tora/piac* 

4.5 

tonvpMO* 

3.8 

tom/paca 

3.8 

tom/paca 

3.6 

tom/ptaca 

3A 

tona/thoutand  km  amparn 

5.9 

tom/ unit 

Z2 

tors/ unit 

1.3 

tons/ton 

1.2 

tom/ton 

1.2 

tons/ton 

1.2 

tons/ton 

1.7 

tom/umt 

1.2 

* 

tom/ tan 

1.3 

tom/ton 

1.5 

tom/unit 

2.0 

tona/unrt 

1.1 

tom/ tfi ou sand  rub.^s 

1.4 

tora/tiiousands 

.9 

tons/thousand  rubia* 

.7 

tom/ton 

.5 

toiWton 

A 

tons/ unit 

.8 

tons/unit 

.6 

tom/ at 

J 

tom/thousand  rupias 
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